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CoNgENitAL HEARt DisEAsE
Congenital heart disease (ConHD) is the most common congenital malformation present 
at birth. ConHD is a developmental abnormality involving structures of the heart or the 
intra-thoracic great vessels. Nowadays, at least 95% of children born with ConHD survive into 
adulthood1. Some patients have mild defects, for which cardiac surgery is not needed. How-
ever, a majority of patients need cardiac surgery. After surgery, most repaired lesions have 
the potential for residua and sequelae. In these patients, aerobic fitness may be reduced, 
resulting in an inactive lifestyle2. An inactive lifestyle is associated with the occurrence of 
cardiovascular disease, with an increased risk of death, and with a poorer health related 
quality of life (HRQoL)3. Therefore, during the last decades, research has focused not “only” 
on morbidity and mortality, but also on the impact of residua of ConHD on quality of life and 
psychosocial functioning of children and adolescents4.
In this thesis, a randomized controlled trial (RCT) is described in which the effects of an exer-
cise program on HRQoL and psychosocial functioning in youngsters with ConHD are investi-
gated. The children, adolescents, and young adults that participated in this RCT underwent 
cardiac surgery for tetralogy of Fallot or they underwent surgery for one of the diagnoses 
referred to as univentricular hearts, the Fontan procedure.
tEtRALogY oF FALLot
Tetralogy of Fallot (ToF) is a combination of four heart defects5. The key abnormality in this 
defect is an anterior deviation of the outlet septum, resulting in 1) a ventricular septal defect 
(VSD); a developmental abnormality in any proportion of the ventricular septum resulting 
in abnormal communications between the two lower chambers of the heart; 2) pulmonary 
stenosis, this is the pathologic narrowing of the communication of the right ventricle and 
the pulmonary artery, at the level of the right ventricular infundibulum or the opening of 
the pulmonary valve. This restricts the blood flow from the right ventricle to the pulmonary 
artery; 3) right ventricular hypertrophy, a thickening of the wall of the right ventricle; 4) over-
ride of the aorta over the ventricular septum. 
Most children born with ToF are cyanotic because oxygen poor blood may flow from the 
right ventricle directly into the aorta, which reduces the oxygen saturation in the aorta. A 
feature of cyanosis is a bluish discoloration of the skin and mucous membranes due to an 
increase in the amount of deoxygenated hemoglobin in the blood. 
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FoNtAN PRoCEDuRE
Nearly 10% of the children born with ConHD belong to the heterogeneous group of patients 
with functionally univentricular hearts6. Biventricular repair is precluded in these children. 
Therefore they are treated with the Fontan operation: a palliative procedure. An example of a 
cardiac defect for which the Fontan procedure is required is hypoplastic left heart syndrome. 
This is a condition caused by underdevelopment of the whole left half of the heart. 
Nowadays, the Fontan operation is performed as a staged procedure. In most cases at 
least 2 major operations are necessary, resulting in redirection of the systemic venous return 
to the pulmonary circulation without interposition of a subpulmonary ventricle. Currently, 
total cavopulmonary connection, with either an intra-atrial lateral tunnel or an extra-cardiac 
conduit, is the preferred procedure7. Since the use of this procedure, mortality and morbidity 
have improved dramatically in the last decades.
PHYsiCAL LimitAtioNs iN CHiLDREN, ADoLEsCENts, AND YouNg ADuLts 
witH ComPLEx CoNHD
Children, adolescents, and young adults with ToF, with right ventricular loading abnormali-
ties, or those with a Fontan circulation, with single ventricle lesions, may experience long-
term physical morbidity. They are at great risk for heart failure8, their exercise capacity may 
be reduced, and they do not participate in the same amount of (dynamic) physical activity 
as their healthy peers9-11. In addition, their physical inactivity is associated with a poorer 
HRQoL3. 
These children, adolescents, and young adults with ToF or with a Fontan circulation may 
benefit from an exercise program. Until now, only a few small, non-randomized studies 
indicated that participation in an exercise program improved exercise capacity and physical 
activity in these children and adolescents12. 
AN ExERCisE PRogRAm iN CHiLDREN, ADoLEsCENts, AND YouNg ADuLts 
witH CoNHD; PHYsiCAL outComEs
The effects of an exercise program in children, adolescents, and young adults with ConHD on 
physical outcomes, such as peakVO2, activity levels, and muscle strength have recently been 
systematically reviewed12. A total of 31 studies were included. These studies provided actual 
evidence for effects of an exercise program in patients with congenital heart disease, age 
range 4 – 45 years. Most studies used 12-week programs with 3 training sessions per week. 
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The overall conclusion was that most studies reported significant improvements on 
peakVO2, activity levels, or muscle strength. Besides, none of the studies reported negative 
physical effects of the exercise programs. However, most of these studies were performed in 
small heterogeneous patient groups. 
Although an exercise program improved HRQoL in adults with ConHD13, effects of an 
exercise program on HRQoL in children and adolescents with ConHD were generally not 
reported. Furthermore, associations between, on the one hand, physical fitness and exercise 
programs, and, on the other hand, HRQoL and psychosocial functioning in children and 
adolescents, also remained unclear. 
AssoCiAtioNs bEtwEEN PHYsiCAL ACtiVitY, ExERCisE CAPACitY, AND 
PsYCHosoCiAL FuNCtioNiNg
In 2013 a systematic review by Dulfer et al.14 was published regarding the associations be-
tween exercise capacity, physical activity, respectively an exercise program, and psychosocial 
functioning of children and adolescents with ConHD. This review is presented in this thesis 
as Chapter 214. 
Summarizing, in most studies, exercise capacity was strongly associated with physical 
domains of quality of life (QoL). In contrast, exercise capacity was hardly associated with 
psychosocial domains of QoL. 
Interestingly, although an exercise program improved exercise capacity in children with 
ConHD, its influence on QoL and psychosocial functioning was only reported on in a few 
studies. Although exercise capacity was barely associated with psychosocial parameters, 
these studies, which shared methodological limitations, found promising results. Therefore 
we tried to replicate these findings in a randomized controlled trial with a relatively large 
sample, using a standardized exercise program and standardized instruments to assess 
HRQoL and psychosocial functioning. 
PsYCHosoCiAL outComEs
Health related quality of life
Since most of the children born with ConHD nowadays survive into adulthood15, HRQoL has 
become an important outcome in paediatric cardiology health care, and also in research. 
HRQoL, however, is still an ambiguous concept and consensus about is definition is lacking16. 
The World Health Organization defines health as: “a state of complete physical, mental, and 
social well-being and not merely the absence of disease or infirmity” (World Health Organi-
zation, 1948). The terms health status and HRQoL are often used interchangeably. However, 
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health status refers to assessment of a persons’ actual, more objective problems and limita-
tions, whereas HRQoL assessment includes a persons’ subjective, emotional evaluation of 
such problems and limitations.
In this thesis, HRQoL in children and adolescent with ConHD was approached as a multi-
dimensional assessment construct, including physical health, psychological state, and social 
relationships. HRQoL is assessed as children’s health status problems, supplemented with 
their emotional response to these problems4. Since perspectives of children and parents may 
differ, a multi-informant approach (parent-report and child-report) was used in this study to 
assess HRQoL. A comprehensive evaluation was obtained from these different perspectives17.
Emotional and behavioural problems
Children with ConHD are at risk for elevated levels of emotional and behavioural prob-
lems18, especially internalizing problems (e.g. anxiety and depression). As to the treatment 
of internalizing problems, cognitive behavioural methods as well as psychotropic medica-
tions are used. Cognitive behavioural therapy is an evidence-based treatment of anxiety and 
depression in medically ill children and adolescents19. On the other hand, in children and 
adolescents from the general population, improvements in cardiorespiratory fitness also had 
positive effects on depression, anxiety, mood status, and self-esteem20. 
Until now, only one non-randomized study has tested the effects of an exercise program 
on emotional and behavioural problems in children with various diagnoses of ConHD21. 
This study used two exercise programs: a 2 weeks program in a rehabilitation centre or a 5 
months home-based program (called “interventions”). Outcomes were compared with those 
of voluntary controls with ConHD. 
Both intervention parents and control parents reported fewer externalizing problems 
and social problems in their child. Only intervention parents reported fewer internalizing 
problems at post-treatment assessment. On patients’ self-reports no significant effects were 
found at post-assessment. Shortcoming of this study was that it was not a randomized 
controlled trial; children who did not want to exercise were assigned to the control group. 
Besides, the exercise program encompassed two elements: training in a centre or self-train-
ing at home. Training periods of these 2 elements differed. However, outcomes of these two 
intervention elements were analysed as one intervention group. 
Considering the lack of systematic studies in this field, a randomized controlled trial as-
sessing effects of standardized an exercise program on emotional and behavioural problems 
has surplus value.
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sports enjoyment and leisure time spending
Adults with ConHD have a higher risk for complications, e.g. cardiovascular disease, than 
adults in the general population22. To prevent or postpone these complications, it is im-
portant to pursue a healthy life style; e.g. participate in sports and physical activity dur-
ing leisure time. Healthy life styles are commonly formed in adolescence and persist into 
adulthood23. Therefore, ‘evidence-based’ interventions to stimulate healthy life styles should 
become available for adolescents with ConHD. 
In the general population, sports enjoyment is one of the main reasons for adolescents to 
participate in sports and physical activities24. Unfortunately, qualitative research has re-
vealed that adolescents with ConHD see sports rather as an instrumental purpose, as being 
important because of its health benefit, than as being enjoyable25. 
Since it is unknown whether participation in an exercise program may improve sports en-
joyment and active leisure time spending in adolescents with ConHD, these outcomes were 
investigated in the present study.
Parental moderators 
Parents of children with ConHD have been described as overprotective and anxious, which 
may hamper participation of their children in physical activities and sports26, 27. Since pa-
rental mental health and parental worries were related to emotional adjustment in children 
with ConHD28, 29, these parental variables may moderate effects of an exercise program in 
their children. Social support (e.g. family support) is also known to be associated with HRQoL 
in adolescents and adults with a Fontan circulation30. Therefore, parental support, specifically 
regarding sports, was included as a moderator in this study.
tHE PREsENt stuDY: A muLtiCENtRE RANDomizED CoNtRoLLED tRiAL
The aim of the study, described in this thesis, is to investigate the effects of a standardized 
exercise program on HRQoL and psychosocial functioning in children, adolescents, and 
young adults, aged 10 – 25 years, with tetralogy of Fallot (ToF) or with a Fontan circulation. 
inclusion/exclusion 
Included were patients, aged 12 to 20, who underwent cardiac surgery before the age of 
2 years for ToF, and patients, aged 10 to 25, who underwent surgery for single-ventricle 
physiology (intra-cardiac or extra-cardiac tunnel type of Fontan-completion, with at least 2 
stages) before the age of 6 years. 
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Patients were treated at one of the 5 participating centres of paediatric cardiology in the 
Netherlands: Academic Medical Centre Amsterdam, Erasmus Medical Centre Rotterdam, 
Leiden University Medical Centre, University Medical Centre Radboud Nijmegen, and Univer-
sity Medical Centre Utrecht.
Excluded were patients with: contra-indications for exercise, mental retardation, standard 
contra-indications for MRI, or a ventricular outflow obstruction (peak Doppler gradient > 60 
mm Hg).
Randomization
After informed consent had been obtained, patients received an anonymous study code 
and were invited for medical and psychological baseline assessments. After that, a ‘blind’ 
independent researcher allocated the patients to the exercise program or the control group 
(ratio 2:1) according to restricted block randomization. Every participant that was enrolled 
in the study was stratified by age, gender, and cardiac diagnosis into a specific group. The 
first enrolled patient and the second enrolled patient in that specific stratification group (e.g. 
age-group 10-12, boys, Fontan) were randomized through envelopes into the exercise group 
or in the control group. The randomization of the third enrolled patient in that specific strati-
fication group was dependent of the previous two randomizations in that specific stratifica-
tion group.
intervention
 The standardized exercise program consisted of 3 training sessions of 1 hour per week, dur-
ing a 12-week period. Patients who already participated in sports activities were instructed 
to continue these activities and participate in the exercise program 2 times a week. The 
exercise program consisted of 10 minutes warming-up, 40 minutes aerobic dynamic cardio-
vascular training, and 10 minutes cooling down. Participants were given a heart rate monitor 
to perform their exercises within the given heart range (resting heart rate plus 60-70 % of 
the heart rate reserve). This range was determined by an ergometer-test performed at the 
baseline assessment. 
The program was performed group-wise, under supervision of a trained and licensed phys-
iotherapist in local centres throughout the Netherlands. The same researcher (ND) visited all 
participating physiotherapists prior to the start of the program and visited them thereafter 
when needed, to ensure standardized implementation of the exercise program. The control 
group continued their normal daily live and were invited for a baseline and a follow-up 
medical and psychological assessment. In this thesis the outcomes of the psychological as-
sessments were described.
Chapter 1: General Introduction
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Assessment procedure
The ethics-committee review boards of all 5 medical centres approved the research protocol. 
All eligible patients and their parents were approached uniformly through a patient-informa-
tion letter and completed the same psychological instruments at 2 points in time. 
The baseline psychological assessment, a web-based questionnaire and a semi-structured 
interview by phone, took place no longer than 2 months before the start of the exercise 
program, and 1-3 days before the baseline cardiac assessment in the hospital. 
The second psychological assessment was performed no later than one month after 
completion of the exercise program, and no later than 2 weeks after the second cardiac as-
sessment in the medical centre. Assessments for control groups were performed at compa-
rable timepoints. 
web-based questionnaire
The web-based questionnaire, a child-version and a parent-version, encompassed where 
possible standardized assessment instruments with good psychometric properties, such as 
reliability and validity. 
Child variables
Health related quality of life
To assess generic aspects of HRQoL in children aged 10 – 15, we used The TNO/AZL Child 
Quality of Life Questionnaire (TACQOL), Child Form (CF) and Parent Form (PF)31. 
In adolescents and young adults, aged 16 – 25, we assessed subjective health status with 
the self-reported generic SF-36 Health Survey (SF-36)32. In these adolescents/young adults, 
we also assessed cardiac-specific aspects of HRQoL with the self-reported Congenital Heart 
Disease-TNO/AZL Adult Quality of Life (CONHD-TAAQOL)15. 
In all children, adolescents, and young adults, self-perceived QoL was measured with the 
Linear Analogue Scale (LAS)33. 
Emotional and behavioural problems
To assess emotional and behavioural problems in children and adolescents aged 12 – 17, we 
used the parent-reported Child Behavior Checklist (CBCL) and the self-reported Youth Self-
Report (YSR)34. 
To assess anxiety for sports, we used the self-reported anxiety thermometer (AT), which is 
derived from the Anxiety Disorders Interview Schedule35. 
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Sports enjoyment 
Self-reported sports enjoyment was assessed in children, adolescents, and young adults, 
with the Groningen Enjoyment Questionnaire36. 
Health behaviour
The Rotterdam Health Behaviour Questionnaire (RHBQ) was specifically designed for this study 
to assess health behaviour in children, adolescents, and young adults. This self-reported 
questionnaire was based on the Annual Report 2012 National Youth Monitor37 and Youth 
Risk Behaviour Surveillance System38. 
Parent variables
Parental mental health was assessed with the General Health Questionnaire-28 (GHQ-28)39, 40. 
Parental social support for exercise was assessed with the Dutch version of the Social 
Support for Diet and Exercise41, 42. For this study we used one scale: Family support for Exercise 
Habits Scale: Participation and Involvement (SSE).
semi-structured interview
A semi-structured interview was completed by phone. Separate questions were included for 
children, aged 10 – 15, adolescents/young adults, aged 16 – 25, and for parents of children/
adolescents, aged 10 – 17. In these interviews biographical data, such as household com-
position, educational level, and social participation were assessed. In addition, leisure time 
spending and disease knowledge were assessed.
Leisure time spending
Self-reported leisure time spending was assessed in all participants with The Rotterdam 
Leisure-time Spending Questionnaire (RLSQ)43, which was based on data obtained from the 
Dutch Central Bureau for Statistics37.
Disease knowledge
The Rotterdam Knowledge Questionnaire (TRKQ)44 was based on Leuven Knowledge Ques-
tionnaire for Congenital Heart Disease45. Disease knowledge was assessed in all participants, 
and in their parents. 
tHE stRuCtuRE oF tHis tHEsis
The aim of this thesis is to investigate the effects of a standardized exercise program on 
HRQoL and psychosocial functioning in children, adolescents, and young adults, aged 10 – 
25 years, with tetralogy of Fallot (ToF) or with a Fontan circulation. In chapter 2, studies into 
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the associations between exercise capacity, physical activity, and psychosocial functioning 
in children and adolescents with ConHD were systematically reviewed. In chapter 3, the 
effects of an exercise program on health related quality of life in children, adolescents, and 
young adults aged 10 – 25 were investigated. In chapter 4, the effects of an exercise program 
on emotional and behavioural problems in children and adolescents aged 10 – 17 were 
examined. In chapter 5, the effects of an exercise program on sports enjoyment and leisure 
time spending in children, adolescents, and young adults aged 10 – 25 were assessed. We 
also identified moderating influence of health behaviour and disease knowledge. In chapter 
6, the moderating influence of parental mental health and parental social support for exer-
cise on pre-post changes in HRQoL in children and adolescents, aged 10 – 15, with ConHD 
were investigated. Finally, in chapter 7, the main findings and conclusions of this thesis are 
discussed. Clinical implications for medical practice and implications for future research are 
given.
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AbstRACt
background
Children and adolescents operated upon for congenital heart disease (ConHD) may show 
reduced exercise capacity and physical activity, possibly associated with lowered self-esteem 
and quality of life (QoL). The studies into associations between these parameters have not 
been reviewed before.
objective
Review of studies into associations between exercise capacity, physical activity, respectively 
an exercise program, and psychosocial functioning of ConHD youngsters.
Data sources
PubMed, Embase and reference lists of related articles.
study selection
Articles published between January 2000 and December 2012 into exercise capacity and/or 
physical activity, and a measure of psychosocial functioning in children with ConHD.
Data extraction
Two investigators independently reviewed the identified articles for eligibility, and one 
author extracted the data.
Results
Although exercise capacity was strongly related to physical domains of parent-reported and 
self-reported QoL, it was almost never associated with psychosocial domains of QoL. Physi-
cal activity was rarely associated with physical or psychosocial domains of QoL. Remarkably, 
self-reported depressive symptoms were associated with both physical and psychosocial 
QoL. The few studies into exercise programs showed promising results as to QoL and emo-
tional and behavioural problems, but they contained methodological flaws.
Conclusions 
No clear relationships were found between exercise capacity, physical activity, and QoL in 
children and adolescents with ConHD. Therefore we recommend assessing QoL separately, 
preferably both self-reported and parent-reported. Since depressive symptoms were as-
sociated with reduced physical and psychosocial QoL, screening on these symptoms is also 
recommended.
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iNtRoDuCtioN
Children and adolescents operated upon for congenital heart disease (ConHD) may show 
long-term morbidity as reflected by reduced exercise capacity1, lower physical activity level2, 
lower self-esteem and health related quality of life (HRQoL)3-6. Physical limitations may lead 
to social isolation and fewer possibilities to develop social competencies. 
Using community samples, two reviews into the association between physical activ-
ity and mental health outcomes in children and adolescents showed that physical activity 
improved mental health, reduced depressive symptoms, and enhanced self-esteem7, 8. As 
to children and adolescents with ConHD, Takken et al.9 formulated recommendations for 
participation in leisure sports, physical activity, and exercise programs for optimal physical, 
emotional, and psychosocial development. Tikkanen et al.10 performed a systematic review 
into the influence of paediatric cardiac rehabilitation on exercise capacity and physical activ-
ity, showing many physical benefits from cardiac rehabilitation. To our knowledge, however, 
no review regarding the associations between exercise capacity, physical activity, and psy-
chosocial functioning of ConHD children and adolescents has been performed.
This review is the first to fill in this gap in knowledge by giving an overview of studies 
investigating the association between exercise capacity, physical activity, and psychosocial 
functioning of ConHD youth. This review also includes the few studies addressing the influ-
ence of an exercise program on psychosocial functioning in children with ConHD.
mEtHoDs
search strategy 
Because of the improved medical treatment of ConHD during the last decades, the search 
strategy was limited to the time period January 2000 to December 2012. 
We searched the following electronic databases for articles published in English: 1) EM-
BASE and 2) PUBMED, using the search terms: a) “congenital heart disease” as Emtree/MESH 
term and all types of “congenital heart disease” as abstract-title terms, b) “children” and/or 
“adolescents” (age range 6-18) as Emtree/MESH term, all sub-terms apart as abstract-title 
terms, c) “physical activity”, “capacity” and “performance” as Emtree/MESH terms and all sub-
terms apart as abstract-title terms. Additional studies were obtained from the references of 
the selected articles. Then we screened whether a construct of psychosocial functioning was 
measured in the titles and/or abstracts of all articles found through the search strategy. 
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Data collection
For all eligible studies the following variables were determined: sample size, age range, 
complexity of ConHD, use of control groups, type of tests to assess exercise capacity and 
physical activity, objectively or subjectively assessed, type of instruments to assess psycho-
social functioning, self-reported or parent-reported. Complexity of ConHD was based on the 
classification as proposed by Warnes et al.11. 
As psychosocial functioning is such a broad construct, assessed with different types of ques-
tionnaires, for different age groups and informants, a statistical workup with a meta-analysis 
was not possible. 
Exercise variables: exercise capacity and physical activity
In this review, two physical parameters, ‘exercise capacity’ and ‘physical activity’, were consid-
ered to be predictor variables of psychosocial functioning in ConHD children.
Exercise capacity is objectively assessed with a cardiopulmonary exercise test12. This test 
is often used in the standard care of children with congenital heart disease. Most studies 
described in this review used either a treadmill test or a bicycle test. Both tests provide peak 
oxygen uptake (VO2max), peak oxygen consumption at anaerobic threshold (VAT), or heart 
rate (HR) as outcomes. One study used parent-reported exercise13.
Physical activity (PA) can be measured objectively or subjectively. It is measured ob-
jectively with a uni-axial or a multi-axial accelerometer; the multi-axial method provides a 
more precise outcome. Subjectively measured PA is self-reported and is therefore not always 
consistent with objectively measured PA2.
Psychosocial functioning  
The studies selected for this review assessed the following psychosocial constructs: 1) qual-
ity of life, 2) emotional and behavioural problems, 3) self-efficacy, and 4) depressive symp-
toms. 
Quality of life (QoL) is an ambiguous concept and consensus about its definition is lack-
ing14. The studies described in this review used different questionnaires to assess quality of 
life. The questionnaires can be categorized as: generic versus disease-specific2, 15, focusing on 
symptoms per se versus on the subjective evaluation of these symptoms, and self-reported 
versus parent-reported. 
Emotional and behavioural problems. Almost all studies in this area used the Child 
Behavior Checklist13, 16, 17; this parent-report contains questions about withdrawn behaviour, 
somatic complaints, anxious/depressed behaviour, thought problems, aggressive behaviour, 
delinquent behaviour, social problems, and attention problems in their child. 
self-efficacy was examined in 2 studies. They both used self-reported questionnaires 
with 1 item18 or 8 items19. 
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Depressive symptoms conceptually belong to the domain of emotional/behavioural 
problems. One study reported on these symptoms separately20.
REsuLts
Initially we found 3,554 articles by using our search strategy. Based on titles and abstracts, 
one researcher (KD) excluded studies that did not investigate exercise capacity or physical 
activity in combination with psychosocial functioning. After this, we adjusted for the same 
articles found in both Pubmed and Embase. This resulted in 379 eligible articles. Then, the 
same researcher screened the full-text of these 379 articles on the predefined keywords: ex-
ercise capacity and/or physical activity, together with a psychosocial functioning construct. 
Studies containing solely adult patients, no more than a study design, unspecified assess-
ment instruments, or a qualitative design, were also excluded; see figure 1. 
Two researchers reached consensus about the remaining articles and included a total of 
33 articles in this review. The study characteristics of 17 studies into associations between 
exercise capacity, physical activity, and psychosocial functioning in children and adolescents 
Excluded (n=3,184)
- No exercise capacity or physical activity variable
- No psychosocial variable available
PubMed: 1,730 records
Embase: 1,824 records
370 unique records screened 
by title and abstract
33 records included
Excluded (n=338)
- Adults only: 27
- No congenital heart disease: 7
- Duplicates, but in different journals: 10
- No exercise test or physical activity test together 
with psychosocial outcome: 260
-Design issues: 33 
17 with associations; table 1
- 12 exercise capacity
- 2 physical activity
- 3 exercise capacity and 
physical activity
12 without associations; table 3
- 11 exercise capacity
- 1 physical activity
Online table
4 with sports-intervention; table 2
Figure 1: Flowchart study selection process
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with ConHD are outlined in table 1. Four studies into influence of an exercise program on 
psychosocial functioning in children and adolescents with ConHD are outlined in table 2. In 
12 studies exercise capacity, physical activity, and psychosocial functioning were measured, 
but specific associations were not investigated. These studies were considered to be impor-
tant, but are only described in table 3. 
Figure 2 visually shows association-arrows between physical variables, i.e. exercise capacity 
and physical activity, and psychosocial outcome variables. Each association-arrow contains 
correlations with, in brackets, the corresponding article numbers.
Exercise capacity and psychosocial functioning 
Twelve of the 17 studies assessed exercise capacity as the only predictor variable together 
with a psychosocial outcome variable13, 15-17, 20-27; see table 1. Of these 12 studies, 8 assessed 
QoL, 2 assessed QoL and emotional and behavioural problems, 1 assessed emotional and 
behavioural problems, and 1 assessed QoL and depressive symptoms.
As to the 11 studies with QoL as outcome, 8 studies investigated the relationship between 
exercise capacity and self-reported QoL15-17, 20, 24-27 and 6 assessed parent-reported QoL15, 17, 
21-24. Regarding self-reported QoL, 5 out of 8 studies15, 20, 25-27 reported that higher exercise 
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capacity was associated with better physical QoL; i.e. better physical functioning, general 
health, or vitality. In addition, 1 study showed that higher exercise capacity was associated 
with better psychosocial QoL; i.e. less stress from illness16. As to parent-reported QoL, all 6 
studies reported that higher exercise capacity was associated with higher physical QoL sum 
scales15, 17, 21-24. However, as note of caution, it must be mentioned that three21-23 of these 6 
studies reported on the same cohort of Fontan children, making it more difficult to make 
generalizations based on outcomes. Only 1 study17 found that higher exercise capacity was 
associated with higher parent-reported self-esteem in their child. 
Regarding the relationship between exercise capacity and parent-reported emotional and 
behavioural problems, 2 (of 3) studies13, 17 reported that higher exercise capacity was associ-
ated with less parent-reported internalizing, externalizing, and total emotional and behav-
ioural problems. The third study16 did not find this association. Remarkably, Fredriksen et al.13 
used parent-reported exercise capacity instead of objectively assessed exercise capacity. 
One study reported on the association between exercise capacity and both self-reported 
depressive symptoms and QoL20. It showed that higher exercise capacity was associated with 
less self-reported depressive symptoms and higher physical QoL. Moreover, better scores on 
self-reported physical and psychosocial QoL were associated with less self-reported depres-
sive symptoms. 
In sum: almost all studies reported that higher exercise capacity was associated with higher 
physical QoL. Exercise capacity was seldom associated with psychosocial domains of QoL. 
Higher physical and psychosocial QoL were associated with less depressive symptoms.
Physical activity and psychosocial functioning 
In two studies, self-reported physical activity was assessed as the only predictor variable18, 
19. Both studies showed that higher self-reported physical activity was related to better self-
reported self-efficacy.
Relationship between both exercise capacity and physical activity and 
psychosocial functioning
Three studies assessed both exercise capacity and physical activity as predictor variables( 2, 
28, 29). Muller et al.28 reported that only in children younger than 14, higher exercise capac-
ity was associated with higher objective physical activity and higher scores for self-reported 
mental health. In contrast, the study of McCrindle et al.2 showed no significant association 
between exercise capacity and objective physical activity. In addition, higher exercise capac-
ity was associated with higher scores for parent-reported physical QoL and self-reported 
physical QoL. Higher physical activity was associated with higher parent-reported general 
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health only. Noteworthy: no association was found between objectively assessed physical 
activity with an accelerometer and self-reported physical activity with a questionnaire. In 
the third study29 higher exercise capacity was associated with higher self-reported physical 
activity. Furthermore, higher exercise capacity was associated only with higher self-reported 
physical functioning. 
In summary, the associations between exercise capacity, objective physical activity, and sub-
jective physical activity were not consistent. Again, higher exercise capacity was associated 
with higher physical QoL. Only one study2 reported an association between higher objective 
physical activity and better parent-reported general health. 
studies into an exercise program
Four studies investigated the effects of an exercise program on psychosocial functioning in 
adolescents with ConHD, see table 2. Fredriksen et al.30 assigned 55 children with various 
ConHD to either a 2-week exercise intervention at a rehabilitation facility, or to a 5-month 
twice a week exercise intervention at a facility near their home. They compared them with 
38 voluntary control children with ConHD. Exercise capacity improved in the entire exercise 
intervention group, but not in the control group. Physical activity improved in both the 
intervention and the control group. Reported by 27 parents of intervention children and 
25 parents of control children, externalizing and total emotional/behavioural problems 
decreased post-treatment. Only in the exercise intervention group, parents also reported 
less internalizing problems, indicating that after treatment, their children showed e.g. less 
parent-reported anxiety/depression or withdrawn behaviour. There were no effects on self-
reported emotional/behavioural problems in intervention and control children.
Rhodes et al.31 studied 16 children with various ConHD who participated in a 12-week twice 
a week exercise program. At 1-year follow-up, these children had a sustained improved 
exercise capacity. The 18 voluntary control children did not. In contrast, the self-reported 
QoL scores did neither improve in the children who exercised nor in the control children. 
Moons et al.32 showed that in 16 children with various ConHD, after attending a 3-day multi-
sports camp, scores improved on self-reported physical functioning, role functioning due 
to emotional problems, role functioning due to behavioural problems, general behaviour, 
and mental health. In a replication study, Moons et al.33 again found improvements in 25 
children with various ConHD in several domains: physical functioning, role functioning due 
to physical or emotional problems, general health, self-esteem, mental health, and general 
behaviour directly after a 3-day multi-sports camp. However, at the 3-months follow-up, only 
the improvements on physical functioning and role functioning due to emotional problems 
sustained. Remarkably, parent-reported physical activity did not improve directly after 
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the sports-camp or at the follow-up. Unfortunately, the latter two studies used no control 
groups, so no conclusion regarding causal effects of the sports-camp can be drawn. 
DisCussioN
All studies into children aged 5-18 years reported significant associations between exercise 
capacity and parent-reported physical QoL2, 15, 17, 21-24. As to self-reported physical QoL in these 
children, some studies found a positive association with exercise capacity2, 15, 27, 29. Remark-
ably, McCrindle et al.2 found that higher exercise capacity was associated with both lower 
self-reported general health and higher parent-reported general health. These contradictory 
results could be explained by the assessment with different instruments and informants: 
lower general health was found on a disease specific self-report, and higher general health 
on a generic instrument for parents. Other studies did not find significant associations 
between exercise capacity and self-reported physical QoL16, 17, 24, this might be due to the 
relative young age of the assessed children.
Regarding psychosocial QoL in children under the age of 18, the majority of studies did 
not find associations between exercise capacity and psychosocial parent-reported and self-
reported QoL scales, apart from a few exceptions. Two studies found that higher exercise 
capacity was associated with higher parent-reported self-esteem17 or less parent-reported 
general behavioural problems2. In addition, two studies reported that higher exercise capaci-
ty was associated with self-reported outcomes: i.e. less stress from illness16 and less symptom 
concerns2. 
In summary, in children younger than 18, higher exercise capacity was associated with 
higher parent-reported physical QoL, but on children’s self-reports, no consistent associa-
tions were found between exercise capacity and physical QoL scales. Higher exercise capac-
ity was seldom associated with higher self-reported or parent-reported psychosocial QoL.
In studies using mixed samples of adolescents and adults, age-range: 14-73 years, higher 
exercise capacity was associated with better self-reported physical functioning and general 
health25, 26, 29. Although these studies used a generic QoL instrument (SF-36), rather good 
correlations between an objective and a self-reported measurement were found (r=0.28 to 
0.57). Exercise capacity was not associated with any psychosocial domain of QoL. Consider-
ing the broad age-range of these studies, however, we should remain careful to generalize 
these findings to children and adolescents.
The three studies published so far13, 16, 17 into the association between exercise capacity and 
emotional and behavioural problems in children with ConHD, reported contradictory find-
ings. In children with major ConHD16, no significant associations were found with parent-
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reported emotional and behavioural problems, even in the few children who had impaired 
exercise capacity. Children with moderate ConHD17 who had lower exercise capacity, showed 
elevated problem scores. Probably, the remarkable fact that parents of children with major 
ConHD did not report more emotional and behavioural problems in their children with 
decreased exercise capacity may be explained by the fact these parents evaluate their chil-
dren’s performance using different norms than healthy children’s parents. The last study on 
this subject13 found that higher parent-reported exercise capacity was associated with lower 
parent-reported emotional and behavioural problems in their child. Since both outcomes 
were parent-reported, they may share variance, and are therefore associated. 
Three studies reported on the relation between exercise capacity, physical activity, and 
psychosocial functioning2, 28, 29. McCrindle et al.2 found no association between self-reported 
physical activity, objective physical activity, and exercise capacity in 7-18-year-olds. In 
contrast, Muller et al.28 found that higher exercise capacity was associated with higher 
objectively assessed physical activity in 8-52-year-olds. These contradictory findings could 
be explained by different sample sizes and age-ranges, but also by different tests to assess 
physical activity. McCrindle et al. used a uni-axial accelerometer, whereas Muller et al., used 
a tri-axial accelerometer. In addition and also in contrast with McCrindle et al., Buys et al.29 
found that higher self-reported physical activity was associated to higher exercise capacity. 
However, they used a different age-range, 16-40 years, which may explain the difference 
in this association. In a large cohort of European adolescents from the general population, 
exercise capacity, measured with a 20-m shuttle run test, correlated with both self-reported 
moderate-to-vigorous physical activity (MVPA) and objectively measured MVPA, with a 
uni-axial accelerometer34 . In addition, self-reported MPVA was moderately correlated with 
objectively measured MVPA. These findings are partially in line with our findings since they 
indicate the same association between exercise capacity and physical activity. However, the 
assessment instruments, i.e. 20-m shuttle run test versus a bicycle test, were different.
Two studies found that higher self-reported physical activity was associated with higher 
self-reported self-efficacy18, 19. These findings should be interpreted with caution, since both 
physical activity and self-efficacy were self-reported, and thus share variance that may con-
tribute to the association.
To our knowledge, no randomized controlled trials have yet investigated the effect of an 
exercise program on psychosocial functioning in adolescents with ConHD. Intervention 
studies on this subject share methodological flaws30-33. They were either limited by the use 
of small groups of patients, by low response rates, the lack of proper control groups, or not 
using standardized assessment procedures and interventions; e.g. the intervention of Moons 
et al.32, 33 consisted of a 3-day multi-sports camp. Therefore, the effectiveness of an exercise 
program on QoL should be studied in a larger systematic randomized controlled trial. 
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Conclusions 
Exercise capacity was strongly associated with physical domains of QoL, while the associa-
tion between physical activity and physical domains of QoL was less strong. 
Exercise capacity and objectively measured physical activity were almost never associated 
with psychosocial domains of QoL. Psychosocial QoL was more associated with depressive 
symptoms. We should be careful, however, drawing firm conclusions; the number of studies 
using physical activity, as an exercise variable, was relatively small compared to the number 
of studies assessing exercise capacity. 
As to clinical implications, besides measuring medical parameters to describe physical 
limitations in children with ConHD, it seems useful to include subjective evaluations of these 
physical limitations. This is important since self-reported depressive symptoms were associ-
ated with self-reported physical domains of QoL. Subjective evaluations are best assessed 
with disease-specific psychological instruments (self- and parent- reported), e.g. health 
related QoL and depressive symptoms. 
The results of the intervention-studies in this review seem to indicate an association be-
tween participating in exercise and better physical QoL. A review of exercise program stud-
ies in healthy children and adolescents from the general population showed that exercise 
had a small but significant effect on reducing depression and anxiety scores; due to method-
ological limitations, drawing firm conclusions was not possible35. Our review also indicates 
an association between self-reported physical limitations and depressive symptoms. This 
underlines the importance and clinical relevance of the medical recommendation of sports 
participation for CONHD children9. This clinical implication could be made stronger if there 
were results of a randomized controlled trial into the cardiovascular and psychosocial effects 
of an exercise program in children with ConHD. 
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AbstRACt
Purpose
To evaluate effects of an exercise program on health related quality of life (HRQoL) in chil-
dren and adolescents with Tetralogy of Fallot (ToF) or a Fontan circulation.
methods 
Stratified, randomized, controlled intervention study conducted in 5 participating centres 
of paediatric cardiology in the Netherlands. In total, 93 patients, aged 10 – 25, with surgical 
repair for tetralogy of Fallot or with a Fontan circulation for single-ventricle physiology were 
included. They were randomly allocated with a ratio of 2:1 to: a) a 12-week period with an ex-
ercise program for 3 times per week or b) to a control group. Randomization was stratified by 
age, gender, and cardiac diagnosis. At baseline and follow-up after 12 weeks, all participants 
completed web-based age-appropriate HRQoL questionnaires. Primary analyses involved 
change in HRQoL during follow-up. Secondary analyses concerned influence of cardiac diag-
nosis and comparison with normative data.
Results
Respectively 48 (86%) and 32 (86%) patients in the exercise group and control group 
completed all questionnaires at baseline and follow-up. Compared with the control group, 
children, aged 10 – 15, in the exercise group improved significantly on self-reported cogni-
tive functioning, p<.05, r = .30, and parent-reported social functioning, p <.05, r = 0.30. 
Youngsters aged 16 to 25 did not change their HRQoL. Cardiac diagnosis had no influence 
on pre-post changes. Children and youngster in this study reported comparable or better 
HRQoL than norm groups.
Conclusions
Participation in an exercise program improved HRQoL of children with ToF or a Fontan circu-
lation, especially in those with low baseline HRQoL.
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iNtRoDuCtioN
Nowadays, at least 85% of children born with congenital heart disease (ConHD) survive into 
adulthood1. These children may experience long-term physical morbidity. Compared with 
healthy peers, adolescents with severe ConHD have reduced exercise capacity2, 3. 
Although children and adolescents with ConHD are recommended to participate in physi-
cal activity, as stated in the guidelines from the European Society of Cardiology4, they do 
not perform the same amount of dynamic physical activity compared with healthy peers5. 
Reduced exercise capacity has been associated with reduced health related quality of life 
(HRQoL) in children with ConHD6. Adolescents with mild or severe ConHD and reduced 
exercise capacity, reported lower overall HRQoL than their healthy peers. Those with severe 
ConHD, i.e. Fontan circulation, reported a worse HRQoL than those with mild ConHD7.
The few studies conducted into an exercise program showed promising results regarding 
improving exercise capacity and physical activity in adolescents with ConHD8, 9. The studies, 
with small samples, showed that peak oxygen consumption improved, as did workload10, 
exercise time10, and daily physical activity11. However, little is known about the impact of an 
exercise program on HRQoL in these adolescents. 
In adults with ConHD, HRQoL improved after an exercise program12. Until now, three stud-
ies, using small samples, have examined the effect of a 3-day sports camp13, 14, or a 12-week 
exercise program15 on self-perceived health status in adolescents with ConHD . To our knowl-
edge, no randomized controlled trial in adolescents with ConHD has been done to examine 
the effect of an exercise program on HRQoL.
The present prospective, multicentre study is a randomized controlled trial into the effect of 
a standardized exercise program on HRQoL in a relatively large cohort of patients, aged 10 to 
25, with either surgical repair for ToF or a Fontan circulation. Two-third of the ToF and Fontan 
patients included were randomized to an aerobic exercise program; the remaining one-third 
served as controls. We hypothesized that an exercise program would improve HRQoL in 
these patients.
The present study’s aim was to answer the research questions:
1. What is the effect of a 12-week exercise program versus a control group in patients aged 
10-25 with ToF or Fontan circulation, on their health related quality of life?
2. What is the influence of cardiac diagnosis on the HRQoL-effects of the exercise program?
3. What is the level of health related quality of life, at baseline and post assessment, in 
patients who participated in the exercise program and in the control group, compared to 
that of same aged peers from the general population? 
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mEtHoDs
This randomized controlled trial is designed according to the CONSORT guidelines16.
inclusion/exclusion 
Included were patients, aged 12 to 20, who underwent cardiac surgery before the age of 2 
years for ToF, and patients, aged 10 to 25, who underwent surgery for single-ventricle physi-
ology (intra-cardiac or extra-cardiac tunnel type of Fontan-completion, at least 2 stages) 
before the age of 6 years. Patients were treated at one of the 5 participating centres of paedi-
atric cardiology in the Netherlands: Academic Medical Centre Amsterdam, Erasmus Medical 
Centre Rotterdam, Leiden University Medical Centre, University Medical Centre Radboud, 
and University Medical Centre Utrecht.
Excluded were patients with: contra-indications for exercise, mental retardation, standard 
contra-indications for magnetic resonance imaging (MRI), or a ventricular outflow obstruc-
tion (peak Doppler gradient > 60 mm Hg).
Randomization
After informed consent had been obtained, patients received an anonymous study code 
and were invited for medical and psychological baseline assessments. Thereafter, a ‘blind’ 
independent researcher allocated the patients to the exercise program or the control group 
(ratio 2:1) according to restricted randomization. We formed balanced groups through strati-
fication by age group, gender, and ConHD, together with fixed block sizes of 3. In addition, 
the overall study sample size93 is a multiple of the block size3, which guaranteed that the 
number of participants assigned to each treatment group would be equal. Within each fixed 
block, the first and second patients in the stratification-group (e.g. age-group 10-12, boys, 
Fontan) were randomized through envelopes. The randomization of the third patient within 
the randomization block depended on the previous two randomizations. 
intervention
 The standardized exercise program consisted of 3 training sessions of 1 hour per week, dur-
ing a 12-week period. Patients who already participated in sports activities were instructed 
to continue these activities and participate in the exercise program 2 times a week. The ex-
ercise program consisted of 10 minutes warming-up, 40 minutes aerobic dynamic cardiovas-
cular training, and 10 minutes cooling down. Cardiovascular training included brisk walking/
jogging/running/bicycle exercises, and dynamic play. Participants were given a heart rate 
monitor and were instructed to perform their exercises within the given heart range (resting 
heart rate plus 60-70 % of the heart rate reserve, for details see Duppen et al. 20138 and 
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Tikkanen et al. 20129). This range was determined by the ergometer-test performed at the 
baseline assessment. They were not allowed to train above the prescribed range.
Since training intensity level was monitored and adjusted according to a pre-determined 
heart rate range, workload was directly adjusted to heart rate levels. This meant that 
improvements were directly reflected in individualized workloads. The intensity range was 
programmed in their heart rate monitor; an alarm informed them when they did not adhere 
to this range.
The program was performed group-wise, under supervision of a trained and licensed 
physiotherapist in local centres throughout the Netherlands. The same researcher (ND) 
visited all participating physiotherapists prior to the start of the program and visited them 
thereafter when needed, to ensure standardized implementation of the exercise program. 
The control group continued their normal daily live and were invited for a baseline and a 
follow-up medical and psychological assessment.
Assessment procedure
The ethics-committee review boards of all 5 medical centres approved the research protocol. 
All eligible patients and their parents were approached uniformly through a patient-informa-
tion letter and completed the same psychological instruments at 2 points in time. The base-
line psychological assessment, a web-based questionnaire and a semi-structured interview 
by phone, took place no longer than 2 months before the start of the exercise program, and 
1-3 days before the baseline cardiac assessment in the hospital. The second psychological 
assessment was performed no later than one month after completion of the exercise pro-
gram, and no more than 2 weeks after the second cardiac assessment in the medical centre. 
Assessments for control groups were performed at comparable timepoints. 
semi-structured interview
A semi-structured interview17 was completed by phone. Separate questions were included 
for children, aged 10 – 15, adolescents/young adults, aged 16 – 25, and for parents of 
children/adolescents, aged 10 – 18. In these interviews biographical data, such as house-
hold composition, educational level, social participation, professional mental health care 
consumption, and perceived body image were assessed.
Socioeconomic status of parents was divided into low, middle, and high occupational 
level18. 
web-based questionnaire
The web-based questionnaire consisted of a child-version and a parent-version. It encom-
passed the following internationally well-known, age-appropriate, HRQoL assessment-
instruments with good psychometric properties (reliability and validity). 
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generic instruments for children aged 10-15
The TNO/AZL Child Quality of Life Questionnaire (TACQOL) Child Form (CF) and Parent 
Form (PF) were used to assess generic aspects of HRQoL; see table 2 for subscales19. These 
questionnaires assess the occurrence of functional problems, and if such problems occur, 
the subsequent emotional reactions to these problems. Satisfactory psychometric properties 
(subscale Cronbach’s α ranged from 0.73 to .082) of these instruments have been described 
by Verrips et al.20. 
The Linear analogue scale (LAS) measured self-perceived QoL (vertical line; 0 = worst, 
100= best imaginable QoL). The LAS has proven to be valid and reliable (Cronbach’s α = 0.65) 
for the ConHD population13.
generic and cardiac-specific instruments for patients aged 16 and older
The SF-36 Health Survey (SF-36), a generic instrument, was used to assess subjective health 
status (table 3)21. Good reliability (mean Cronbach’s α = 0.84) and validity has been reported 
for the Dutch version22.
The Congenital Heart Disease-TNO/AZL Adult Quality of Life (CONHD-TAAQOL) as-
sessed cardiac-specific aspects of HRQoL of youngsters with ConHD (table 4). Tests of its 
psychometric properties showed satisfactory results; Cronbach’s α ranges from 0.77 to 0.821.
The Linear analogue scale (LAS) measured self-perceived QoL (see above).
Norm groups
 For the TACQOL-CF, the norm group consisted of 593 girls and 660 boys (n=1253)19 . For the 
TACQOL-PF no normative data were available.
The SF-36 norm sample consisted of 1742 persons; 56 % men, age range: 16-40 years22.
For the disease-specific CONHD-TAAQOL, no normative data were available.
 The LAS norm sample contained 600 participants aged 14 to 18.
statistical analyses 
Statistical analyses were based on the intention-to-treat principle. Because of small sample 
sizes and skewed distributions, exercise group changes versus control group changes were 
compared with Mann-Whitney tests (p<.05), also for diagnostic groups separately. Repeated 
measurements within the exercise group and control group were analysed with Wilcoxon 
Signed Ranks Tests. Data are presented as median and inter quartile range (IQR). The effect 
size (r) for every result is calculated by the z-score divided by the square root of the number 
of observations.
Then data were split, based on baseline HRQoL tertiles, into ‘low’ (=1st tertile), and ‘high’ 
(=2nd and 3rd tertiles) and pre-post changes in the exercise group and control group were 
analysed for baseline HRQoL groups separately. Because many children and parents ob-
tained highest possible HRQoL scores, we also analysed whether children and their parents 
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changed their maximal scoring after the exercise program and control period with McNemar 
tests. 
 Comparison with normative groups was calculated using Students’ t tests (mean and 
standard deviations). Statistics were conducted using SPSS version 20.0 (IBM Corp., Armonk, 
NY).
REsuLts
baseline characteristics
 362 Eligible patients were contacted, of whom 93 (26%) finally participated, see figure 1 for 
flowchart. Two patients who were assessed at baseline refused to participate in the rest of 
the study. Therefore, the final sample included 91 participants, median age: 15.4 years, 64/91 
male, 47/91 ToF, 44/91 Fontan. Patients were recruited and followed-up between January 
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Figure 1: Enrollment in study
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2010 and August 2012. No differences were found as to baseline characteristics between the 
exercise group and the control group; see table 1. 
Exercise program adherence
Overall, 56 patients were randomized to the exercise group, of which 53 were followed-up 
after 3 months (see Figure 1). Of these patients in the exercise group, 37 already participated 
in sports activities in their daily lives. Median adherence to the exercise program was 89% 
(IQR = 79 – 100). According to a random sample of heart rate monitor data, all exercise-
table 1: baseline demographic characteristics, cardio-respiratory fitness, and participation in sports 
activities
  Exercise group (n=54) Control group (n=37) P value 
Demographic status
Age in years 15.2 (12.6-17.6) 15.4 (13.0-17.6) 0.77
Male 39 (72.2) 26 (70.3) 0.64
Congenital heart disease 0.70
 Fontan 27 (50.0) 17 (45.9)
Age at Fontan completion 3.0 (2.5–5.0) 3.0 (2.5–3.9) 0.66
Tetralogy of Fallot (ToF) 27 (50.0) 20 (54.1)
Age at ToF operation 0.5 (0.4–1.1) 0.7 (0.5–0.9) 0.61
Social economic status 0.46
Low (1) 5 (9.3) 4 (10.8)
Middle (2) 16 (29.6) 15 (40.5)
High (3) 27 (50.0) 14 (37.8)
Missing 6 (11.1) 4 (10.8)
Cardio-respiratory fitness
PeakVO2 (% predicted)* 82.4 (17.0) 81.7 (20.0) 0.88
Peak load in Watt 143.6 (54.6) 147.0 (46.2) 0.76
Peak heart rate (bpm) 170.8 (20.4) 176.5 (18.6) 0.18
VE/VCO2 slope 28.7 (5.3) 29.9 (6.8) 0.36
Participation in sports activities 0.35
Never 9(17) 8(22)
1-4 hpw 33(61) 17(46)
>5 hpw 12(22) 12(32)
Demographic status and participation in sports activities: data are presented as number (percentage), age is presented as median (IQR).
Cardio-respiratory fitness: data are presented as mean (standard deviation).
* n = 11 missing values due to unsuccessful cardiopulmonary exercise test (respiratory exchange ratio (RER) < 1.0.)
Hpw = hours per week, bpm = beats per minute.
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patients heart rate ranges during the exercise program were within the advised heart rate 
range. 
Effects of an exercise program on quality of life
Children aged 10-15 years; TACQOL 
Of the 32 children in the exercise program group and 22 children in the control group, 
respectively 25 and 21 children completed the TACQOL-CF (see table 2). Comparing pre-
post change in the exercise group versus the control group, children in the exercise group 
improved more on cognitive functioning z = -1.99, p<.05, r = .30 than control children. 
Considering pre-post changes within each group, children in the exercise group them-
selves reported better motor functioning after the sports-intervention than before z =-2.11, 
p < .05, r = .30. Control children themselves scored higher, i.e. more favourable, on global 
negative functioning from pre-to post assessment, z =-1.98, p < .05, r = .31. 
 29 Parents in the exercise group and 21 parents in the control group completed the 
TACQOL-PF. Comparing pre-post changes, parents of children in the exercise group reported 
improved social functioning whereas parents of control children did not, z = -2.07, p <.05, r = 
0.30.
Within both groups, parents reported improvements (p<0.01, r-range: 0.44 - 0.53) on pain 
and physical symptoms, motor functioning, and cognitive functioning (table 2). Parents in 
the exercise group also reported improvements on social functioning (p=0.006. r = 0.36). 
Since the exercise program showed few significant effects on TACQOL-CF scores, further 
statistical analyses were performed for children who had low HRQoL scores at baseline. 
Children in the exercise group with low baseline scores on motor functioning and cognitive 
functioning, showed significant improvements on these scales, z = -2.54, p < .05, r = .57 and 
z = -2.11, p < .05, r = .50; see figure 2. They also seem to improve (p= .068, r = .43) on pain and 
physical symptoms. However, children in the control group, with ‘low’ baseline HRQoL, did 
not improve on these scales, they only improved on negative emotional functioning (p< .05, 
z = .47).
As to best possible scores, children in both groups did not obtain a higher number of maxi-
mal HRQoL scores from baseline to follow-up. On the other hand, parents in the exercise 
group reported a higher number of maximal scores for pain and physical symptoms (p=.01), 
motor functioning (p<.01), cognitive functioning (p<.01), and social functioning (p<.02) from 
pre- to post-assessment, whereas parents in the control group did not. 
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Chapter 3: Effects on health related quality of life
Figure 2: Differences in pre-post changes in quality of life (QoL) between patients with low baseline QoL 
and high baseline QoL
60
Patients aged 16 - 25 years; SF-36 
No significant differences in pre-post changes on the SF-36 were found between the exercise 
group and control group. Such pre-post changes were neither found within each group; 
table 3. Many patients obtained best possible SF-36 scores. 
Patients aged 16-25 years; CONHD-TAAQOL 
Patients in the exercise group and the control group did not show pre-post changes on the 
symptoms and the worries scale (table 3). Considering impact of cardiological surveillance, 
adolescents reported lower scores after the exercise program than they did before z =-3.03, 
p < .01, r = .54. Adolescents in the control group did not change on impact of cardiological 
surveillance. The median difference between the pre-post changes in the exercise group and 
the control group was 5.7 p=0.07.
Total group 10 - 25 years 
Changes in LAS scores did not differ between the exercise group and control group. No 
significant changes were found within each group. 
Cardiac diagnosis and comparison with normative data
Cardiac diagnosis, Fontan versus Fallot, did not influence the effect of an exercise program 
on the generic TACQOL (child-form nor parent-form), SF-36 scales, disease-specific CONHD-
TAAQOL, nor on the LAS. 
Children aged 10-15 years; TACQOL
At baseline, self-reports of Fontan children did not differ from ToF children on any of the 
TACQOL-CF scales. Parents of Fontan children reported worse motor functioning than 
parents of ToF children, z=-2.55, p <.02, r = .40. No further differences between diagnostic 
groups were found on parent-scales. 
Comparing baseline with normative data, Fontan children reported poorer motor function-
ing (t(25)=-2,93, p<.01) and less negative emotions (t(25)=2.56, p = .02), whereas ToF children 
reported more positive emotions (t(18)=3.11, p<.01).
 
Patients aged 16 - 25 years; Short-form 36
At baseline, Fontan patients reported worse physical functioning, z = -2.14, p < .05, r = .38 
and lower general health, z = -2.74, p <.01, r =.49 than ToF patients (table 3). 
Compared with normative data, Fontan patients and ToF patients reported less bodily pain 
(both p < .01), better social functioning (both p <.01), and less role limitations due to emo-
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tional problems (both p <.05) at baseline. Patients with ToF also reported less role limitations 
due to physical symptoms (p <.05) and better mental health (p <.05). Furthermore, Fontan 
patients reported lower general health (p <.05), whereas ToF patients’ general health was 
comparable to normal (table 3). 
Patients 16 - 25 years; CONHD-TAAQOL
At baseline, Fontan adolescents reported more impact of cardiological surveillance, z = -2.07, 
p <.05, r = .37 and more worries, z = -2.15, p <.05, r = 0.39 than ToF adolescents, see table 3. 
Total group 10 - 25 years; LAS 
At baseline, Fontan children and adolescents reported comparable LAS scores (Mdn = 80.0, 
IQR = 73.8 - 90.0) as ToF children and adolescents (Mdn = 80.0, IQR = 70.0 - 85.0). 
Exercise group and control group versus normative data
Children aged 10-15 years; TACQOL 
At baseline, children in the exercise group reported more positive emotions (p <.05) than 
children from the general population (table 2). At follow-up, children in both study-groups 
reported less negative emotions than healthy peers (both p <.05). Moreover, children in the 
exercise group reported less pain and physical symptoms (p <.05).
Patients aged 16 - 25 years; SF-36 
Comparing baseline with normative data, patients in the exercise group and control group 
reported less bodily pain (p<.01 and p<.05), less role limitations due to physical limitations 
(p<.05 and p<.01), and less role limitations due to emotional problems (both p<.01) (table 3). 
At baseline, adolescents in the exercise group also reported better social functioning (p<.01) 
and mental health (p<.05) than peers from the general population. 
On post-assessment, patients in the exercise group reported sustained higher, more favour-
able scores for bodily pain (p<.01), role limitations due to physical limitations (p<.01), as well 
to emotional problems (p<.01) compared with normative data. In contrast, they reported 
lower general health (p<.05). Patients in the control group had sustained higher scores on 
bodily pain (p<.05). 
Adolescents aged 14 - 18 years; LAS
 At baseline, adolescents in the control group reported significantly better QoL at baseline 
than normative data, LAS means: 84.7 versus 76.7, t(13) =2.91,p=0.012. Adolescents in the 
exercise group did not report significantly better QoL at baseline compared with normative 
data: LAS means: 79.1 versus 76.7.
63
Chapter 3: Effects on health related quality of life
DisCussioN
This study shows that children with ConHD between 10 and 15 years old, who participated 
in a standardized exercise program, improved on self-reported cognitive functioning. This is 
particularly true for those with low baseline HRQoL scores. In this subgroup, improvements 
were noted on both cognitive and motor functioning and there was a trend towards im-
provements on pain and physical symptoms. Children in the control group with low baseline 
HRQoL scores did not improve on these scales. 
According to parent-reports, children who participated in an exercise program improved 
on social functioning. However, almost all parents in both groups reported highest possible 
scores on social functioning; due to this ceiling effect of the questionnaire, this result is not 
very informative. 
Analyses within groups showed that parents in both the exercise group and control group 
reported improvements on pain and physical symptoms, motor functioning and cognitive 
functioning. At follow-up, parents from both groups obtained more best possible scores 
for motor functioning and cognitive functioning. Possibly, the extensive examination, both 
medical and psychological, may have given parents a feeling of more safety and results may 
point towards a placebo effect. 
The exercise program did not change QoL of adolescents and young adults, as shown by the 
generic SF-36 and LAS. This can be due to the fact that most adolescents had best possible 
scores at baseline. Beside this ceiling effect at baseline, they also reported better QoL com-
pared with normative data. Presumably, these generic instruments are not sensitive enough 
to detect QoL changes in this patient population1. On the other hand, the ceiling effect was 
also noted on the disease-specific CONHD-TAAQOL. Higher scores might also be caused by 
selection bias; patients participated voluntarily to this study. These motivated patients have 
reported perhaps higher QoL scores than patients who did not participate. 
An exception was that adolescents in the exercise group reported more impact from 
cardiac surveillance at follow-up. These adolescents participated in an intensive 3-month 
program; therefore they may have perceived their cardiac surveillance at follow-up more as a 
burden, whereas adolescents in the control group did not.
As to cardiac diagnosis, ToF versus Fontan, we did not find any influence of diagnosis 
on HRQoL changes after the exercise program. Latal et al.23 reviewed studies into QoL in 
children and adolescents with ConHD. They also found that cardiac diagnosis did not relate 
to QoL in a heterogeneous diagnostic sample. On the other hand, they found lower QoL 
scores in those children and adolescents with more complex malformations, such as single 
ventricle anatomy palliated with a Fontan operation. In line, adolescents/young adults with a 
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Fontan circulation in our sample also reported lower baseline SF-36 physical functioning and 
general health compared with those with ToF. However, adolescents/young adults with a 
Fontan circulation in our sample did not report greater HRQoL-changes in these or any other 
domains than adolescents/young adults with ToF. 
To our knowledge, so far only three small studies into the influence of an exercise program 
on health status in ConHD children have been done14, 15, 24. The only intervention study15 
that used a similar standardized 12-week exercise program, did not find the improvements 
in parent-reported HRQoL that we found. Rhodes et al.15 only showed non-significant 
improvements on all self-reported QoL domains after rehabilitation. They assessed QoL 1 
year after the exercise program with a health status questionnaire. Health status, however, 
is another concept than health related quality of life, which we assessed25. In addition, their 
control group consisted of volunteers, who could not participate in the exercise program for 
geographical or social constraints. The difference with our findings may also relate to their 
smaller sample size. Finally, Rhodes et al. only included those children and adolescents with 
a peakVO2 of 80% predicted or less. Mean baseline peakVO2 percent predicted was 64.7% 
in their control group and 59.6% in their exercise group. In our sample, see Table 1, baseline 
mean peakVO2 percent predicted was 82.4 % in the exercise group, and 81.7 % in the control 
group15. 
Two other intervention studies used a 3-day multi sports camp as intervention14, 24 and 
reported improvements on several quality of life domains. However, findings are difficult 
to compare since the content of their intervention was very different, no control group was 
used, and their recall time frame of 3 days might have influenced their results. 
strengths and limitations
This is the first randomized controlled trial in this field with a standardized 12-week exercise 
program, an adequate control group, and multi-informant HRQoL instruments. We found 
improvements on two domains of HRQoL, in one age group. Possibly, if assessments would 
have been done with a more disease-specific questionnaire, instead of a generic one, and in 
a larger sample, we would have found better results.
As to limitations, though our sample size is larger than in the few previous studies, it is 
relatively small. Due to age-appropriate HRQoL questionnaires, our sample had to be divided 
into two groups, 10 – 15 years and 16 – 25 years. Therefore, sub-samples sizes were relatively 
small which may be associated with an increased type 2 error. Besides, a larger sample would 
have allowed us to investigate the differential impact of gender on the effects of an exercise 
program. 
Regarding our design, those participants in the exercise group who already participated 
in sports activities themselves, were asked to participate in the exercise program for 2 ses-
sions per week, in addition they were asked to monitor their own sports activities with a 
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heart rate monitor. Those participants, who did not already participate in sports activities 
themselves, were asked to participate 3 times. On the other hand, participants in the control 
group were asked to continue their own regular daily activities (including sports activities). 
Although we are aware of the interference with our ‘controlled’ design, in our opinion it 
would have been unethical to ask participants to discontinue their own sports activities. 
Finally, a second, longer-term follow-up might have unravelled any sleeper-effects; i.e. 
long-term effects of interventions. Unfortunately, a second follow-up was not feasible. 
Conclusion
This exercise program improved self-reported cognitive functioning and parent-reported so-
cial functioning in children aged 10 to 15. In contrast, this exercise program did not improve 
the QoL of patients aged 16-25 years. This might be explained by their high self-reported 
baseline QoL. Another explanation is that a more age-appropriate sports-intervention, with 
more focus on obtaining autonomy and belonging to a peer-group, involving more ‘normal’ 
sports-participation with healthy peers, might have given better results.
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AbstRACt
objectives 
To evaluate effects of a standardized exercise program on emotional and behavioural prob-
lems in adolescents with tetralogy of Fallot (ToF) or a Fontan circulation.
methods 
Stratified randomized, controlled, intervention-study, conducted in 5 tertiary centres of 
paediatric cardiology in the Netherlands. 71 adolescents aged 10-17, with surgical repair 
for ToF or with a Fontan circulation, were included. They were randomly allocated to: a) a 
12-week period with an exercise program for 3 times per week or b) to a control group, with 
a ratio of 2:1. Randomization was stratified by age, gender, and type of ConHD. At baseline 
and after 12 weeks, all participants completed online psychological questionnaires. Primary 
analysis involved change in emotional and behavioural problems during follow-up. Second-
ary analyses concerned influence of age, gender, and cardiac diagnosis, and comparison 
with normative data.
Results 
Overall, a standardized exercise program had no effect on emotional and behavioural 
problems. From pre-to post assessment, adolescents within the exercise group reported 
a pre-post decrease in anxiety for sports. Adolescents within the control group reported 
improvements on internalizing problems. As to gender and age, girls in the control group, 
especially those who were older, improved on internalizing problems. Girls in the exercise 
group did not. Cardiac diagnosis did not influence the results. Compared with normative 
data at follow-up, adolescents and their parents obtained on almost all scales comparable or 
better scores.
Conclusions 
A standardized exercise program for 3 months did not change emotional and behavioural 
problems. Overall, parent-reported and self-reported emotional and behavioural problems 
were lower than or comparable to normative data.
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iNtRoDuCtioN
Over the last decades, improvements in diagnostic techniques and pre-, peri-, and post-op-
erative care have resulted in better cardiac outcomes in children with congenital heart dis-
ease (ConHD)1. Despite these cardiac improvements, children and adolescents with ConHD 
remain at risk for elevated levels of emotional and behavioural problems, compared with 
normative data2. In a meta-analysis, Karsdorp et al. showed that adolescents with ConHD 
reported more internalizing and externalizing problems than healthy peers3. 
 A review of studies in healthy children and adolescents from community samples 
showed that physical activity improved mental health, reduced depressive symptoms, and 
enhanced self-esteem4. And a longitudinal study in healthy adolescents showed that those 
who met recommended levels of physical activity had fewer emotional problems at 1-year 
follow-up5. 
Youngsters with ConHD are encouraged to participate in an exercise program since it 
improves fitness and physical activity in ConHD youngsters6, 7. However, little is known 
about the effect of an exercise program on emotional and behavioural functioning of these 
adolescents. As far as we know, only three non-randomized studies have been done in this 
field8-10. Unfortunately, these studies share methodological problems: small sample sizes, 
low response rates, no control groups, or no standardized assessment procedures. Moreover, 
the interventions applied in these studies differed: a) 2 weeks in a rehabilitation centre or 
5 months near their home8, b) a 3 days sports-camp9, and c) a 12 week exercise program10. 
Overall, these studies found positive results; less internalizing problems and improvements 
on emotional, behavioural, and physical functioning, as reported by parents. However, on 
self-reports no significant effects were found. 
The present study is part of a multi-centre, prospective, randomized controlled, interven-
tion study into the effects of a standardized exercise program in a large cohort of youngsters, 
aged 10-25 years, with either tetralogy of Fallot (ToF) or a Fontan circulation. Two-third of 
the youngster was randomized to a standardized exercise program; the remaining one-third 
served as controls.
We hypothesized that an exercise program would improve levels of emotional and behav-
ioural problems in these adolescents.
The present study’s aim is to answer the following research questions:
1. What is the effect of a 12-week exercise program in adolescents aged 10-17 with ToF or 
Fontan circulation on the level of emotional and behavioural problems, compared with a 
control group from pre- to post assessment?
2. What is the level of emotional and behavioural problems in adolescents in the exercise 
group and in the control group at follow-up compared with normative data? 
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3. What is the influence of age, gender, and cardiac diagnosis on the effect of the exercise 
program on emotional and behavioural problems? 
mEtHoDs
This randomized controlled trial is designed according to the CONSORT guidelines11. 
inclusion/exclusion 
Included were adolescents aged 12 to 17, who underwent cardiac surgery before the age of 
2 for ToF, and adolescents aged 10 to 17, who underwent surgery for single-ventricle physiol-
ogy (intra-cardiac or extra-cardiac tunnel type of Fontan-completion, at least 2 stages, com-
pleted before the age of 6 years). Patients were treated at one of the 5 participating centres 
of paediatric cardiology in the Netherlands: Academic Medical Centre Amsterdam, Erasmus 
MC Rotterdam, Leiden University Medical Centre, University Medical Centre Radboud Nijme-
gen, and University Medical Centre Utrecht.
Excluded were patients who were > 17 years, and those with: contra-indications for exercise, 
mental retardation, standard contra-indications for MRI, or a ventricular outflow obstruction 
(peak Doppler gradient > 60 mm Hg).
Randomization
After informed consent had been obtained, patients received an anonymous study code and 
were invited for psychological and medical baseline assessments. Then a ‘blind’ independent 
researcher allocated them to the exercise group or the control group; ratio 2:1, restricted 
randomization: stratified by age, gender, and cardiac diagnosis.
intervention
The standardized exercise program consisted of 3 training sessions of 1 hour per week, 
during a 12-week period. Children who already participated in other sports activities par-
ticipated in 2 training sessions per week. Aerobic training consisted of dynamic exercise at 
60-70% of heart rate reserve, measured by heart-rate monitors. The program was performed 
group-wise, under supervision of a trained physiotherapist in local physiotherapy-centres 
throughout the Netherlands. The control group continued their normal daily live and were 
invited for a baseline and a follow-up medical and psychological assessment.
Assessment procedure
The research protocol was approved a priori by the ethics-committee review boards of all 5 
medical centres and complies with the 1975 Declaration of Helsinki. All eligible patients and 
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their parents were approached uniformly. All participating patients signed informed consent 
before participating. Then patients and parents completed the same psychological instru-
ments at 2 points in time. At baseline, a web-based questionnaire and a semi-structured 
interview by phone were completed no longer than 2 months before the start of the exercise 
program, and 1-3 days before the baseline cardiac assessment in the hospital. The second 
assessment was performed no later than one month after completion of the exercise pro-
gram, and no more than 2 weeks after the second cardiac assessment in the medical centre. 
Assessments for control groups were performed at comparable timepoints. 
instruments
Biographical data were assessed with a semi-structured interview12. Socioeconomic status 
was divided into low, middle, and high occupational level13. 
Emotional and behavioural problems
Child Behavior Checklist (CBCL)14 was used to obtain standardized parents’ reports of emo-
tional and behavioural problems in their child. The problem section of the CBCL contained 
120 items which can be comprised in 8 specific syndrome-scales, two broad problem areas: 
internalizing problems and externalizing problems, and one total problem score, see Table 2. 
Internalizing problems reflects internal distress and externalizing problems reflects conflicts 
with other people. A higher score indicates a higher level of problems. The original CBCL 
recall-period is 6 months; because of the intervention period, it was changed into 3 months. 
The CBCL norm-group consisted of 1417 parents of Dutch children, aged 6 to 1615. 
Youth Self Report (YSR)14 the parallel version of the CBCL, was used to obtain standard-
ized adolescents’ self-reports of emotional and behavioural problems. The YSR norm-group 
consisted of 810 Dutch children, aged 11 to 1815. 
Anxiety for sports
The Anxiety thermometer (AT) was specifically developed for this study to assess anxiety for 
sports. Its format is derived from the ‘feelings-thermometer’ of the internationally standard-
ized Anxiety Disorders Interview Schedule (ADIS-C)16 showing 9 thermometers with increas-
ing values (0 - 8). Since the AT was specially developed for this study; no normative data 
were available.
Statistical analyses
Statistical analyses were based on the intention-to-treat principle. Pre-post changes in 
exercise group versus control group were compared using MANOVAs, followed by separate 
univariate ANOVAs. Changes within the exercise group respectively control group were 
analysed with paired-sample-t-tests. Effect sizes (ES) for each pre-post change (Δ) were 
calculated. 
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Due to small groups, gender-specific pre-post changes were compared with Mann-With-
ney tests (p<.05). Repeated measurements within the exercise group and control group were 
analysed with Wilcoxon Signed Ranks Tests. 
Comparisons with normative groups were calculated using Students’t tests. Influences of 
gender, age, and cardiac diagnosis were estimated using generalized linear models. Statistics 
were conducted using SPSS version 20.0.
REsuLts
biographical data 
At the start of the study, 362 eligible patients, 61% male, 36% Fontan were contacted, of 
whom 26% finally participated (Figure 1). The final sample included 71 participants, me-
dian age: 14 years, 70 % male, 52% Fontan, 48% ToF; socioeconomic status (SES): high 47%, 
middle 39%, low 11%, missing 3%. Figure	  1:	  enrollment	  in	  
study
	  
Screened on eligibility (n= 362) 
Declined to participate (n= 269) 
Adolescents older than 18 (n= 20) 
Exercise group  
 
Parents  CBCL n= 37 
 
Children  YSR n= 35 
   AT n= 32 
Randomized to exercise group (n= 44) 
 Received exercise program (n= 42 )	  
 Did not receive allocated intervention (n= 2 )*	  
Randomized to control group (n= 29) 
	  
Control group  
 
Parents CBCL n= 26 
 
Children  YSR n= 24 
  AT n= 22 
 
Randomization	  
Analysis	  
Randomized (n= 73) 
 
Enrollment	  
 Control group (n= 29) 
Parents; Child Behavior Checklist (CBCL) 
 Refused first (n= 1) 
 Inability to read Dutch (n= 2) 
 
Children; Youth Self Report (YSR) and Anxiety 
Thermometer (AT) 
 Refused second (n= 2) 
 YSR was too difficult (n= 3) 
 AT - incomplete data (n= 5) 
   
Exercise group (n= 42) 
Parents; Child Behavior Checklist (CBCL) 
 Lost to follow-up (n= 1) 
 Refused first (n= 1) 
 Refused second (n= 3) 
 
Children; Youth Self Report (YSR) and Anxiety 
Thermometer (AT) 
 Lost to follow-up (n= 1) 
 Refused first (n= 2) 
 Refused second (n= 3) 
 YSR was too difficult (n= 1) 
 AT - incomplete data (n= 4) 
 
 
 
 
 
Follow-­‐Up	   	  
*	  Two girls randomized to the exercise-group refused to participate in the exercise program	  
Figure 1: Enrollment in study
75
Chapter 4: Effects on emotional and behavioural problems
No differences between the exercise group and control group were found on demograph-
ical characteristics, on baseline cardio-respiratory fitness, on baseline participation in sports 
activities (Table 1) or on baseline emotional and behavioural problems (Table 2). 
table 1: baseline demographic characteristics
  Exercise group n=42 Control group n=29
Demographic status
Age in years 14.0 (12.1 - 15.7) 14.9 (12.7 - 16.0)
Male 30 (71.4) 20 (69.0)
Congenital heart disease
Tetralogy of Fallot 20 (48) 14 (48)
Age at ToF operation 0.5 (0.3 -0.8) 0.7 (0.5 – 1.0)
Fontan circulation 22 (52) 15 (52)
Age at Fontan completion 2.9 (2.5 – 4.0) 3.0 (2.4 – 4.3)
Social economic status
Low (1) 5 (12) 3 (10)
Middle (2) 16 (38) 12 (42)
High (3) 20 (48) 13 (45)
 Missing 1 (2) 1 (3)
Cardio- respiratory fitness
PeakVO2 (% predicted)* 79.8 (16.0) 81.8 (18.7)
Peak load (Watt) 126.4 (44.5) 139.7 (46.5)
Peak heart rate (bpm) 169.5 (21.5) 176.5 (16.1)
VE/VCO2 slope 29.0 (5.3) 30.2 (7.4)
Participation in sports activities 
Never 4 (10) 3 (10)
1-4 hpw 26 (62) 15 (52)
>5 hpw 12 (29) 11 (38)
Demographic status and participation in sports activities: data are presented as number (percentage), age is presented as median (inter quartile 
range).
Cardio-respiratory fitness: data are presented as mean (standard deviation).
* n = 9 missing values due to unsuccessful cardiopulmonary exercise test (respiratory exchange ratio (RER) < 1.0.)
Hpw = hours per week, bpm = beats per minute.
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Effects of an exercise program on emotional and behavioural problems and 
anxiety
Child Behaviour Checklist 
From pre- to post assessment, parents in the control group reported a decrease in somatic 
complaints (p < .05, ES = .28), internalizing problems (p<.05, ES = .26), and a trend towards 
less anxious/depressed problems (p = .06, ES = .24), regarding their children compared with 
parents in the exercise group (Table 2). 
 Within the exercise group, parents did not report any change from pre-to post assess-
ment regarding their child. Parents in the control group reported less anxious/depressed 
problems (p<.01, ES = .53) and somatic complaints (p<.01, ES = .56) from pre-to post assess-
ment.
Youth Self-Report 
Comparing pre-post changes, adolescents in the control group reported a greater decrease 
of withdrawn/depressive problems (p<.05, ES = .27) than those in the exercise group (Table 
2). 
Considering pre-post changes within the exercise group, adolescents themselves 
reported a decrease of somatic problems (p<.05, ES = .37) and social problems (p<.01, ES = 
.43). Within the control group, however, adolescents did not only report fewer problems on 
these same scales from pre-to post assessment, but they also reported fewer withdrawn/
depressed problems (p<.05, ES = .46), internalizing problems (p<.01, ES = .46), total problems 
(p<.01, ES = .45), and a trend towards anxious/depressed problems (p = .06, ES = .39).
Anxiety thermometer (AT) 
No significant pre-post change was found on the AT between the exercise group and the 
control group. Considering pre-post change within each group, adolescents in the exercise 
group reported less anxiety (MΔ = -0.56) for sports during follow-up t(40)=-2.37, p<.05, ES = 
.35, whereas control-children did not. 
Comparison at follow-up with gender-specific normative data 
Child Behaviour Checklist 
At follow-up, parents in the exercise group reported more somatic complaints and social 
problems (both p<.05, ES = .42 and .43), but less rule-breaking behaviour and externalizing 
problems (both p<.05, ES = .62 and .38) regarding their sons than parents from the general 
population (see Table 3). For daughters, parents in the exercise group reported lower rule-
breaking behaviour than parents in the general population (p<.05, ES = .68). 
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Parents in the control group reported at follow-up similar levels of problems compared with 
normative data, regarding their sons. As to daughters, parents in the control group reported 
less anxious/depressed problems, withdrawn/depressed problems, rule-breaking behaviour, 
aggressive behaviour, internalizing problems, externalizing problems, and total problems 
than parents in the general population (all p<.05, ES varying between .68 and .96). 
Youth Self Report
 In the exercise group, boys obtained lower scores at follow-up as to rule-breaking be-
haviour, aggressive behaviour, and externalizing problems compared with boys from the 
general population, all p<.05, ES varying between .42 and .46 (see Table 3). Girls reported 
less somatic complaints and social problems compared with so-called normative girls, both 
p<.05, ES = .62 and .61.
Regarding the control group, girls reported less withdrawn/depressed problems, rule-
breaking behaviour, internalizing and externalizing problems compared with normative 
data, all p<.05, ES varying between .75 and .93. Boys reported comparable scores as norma-
tive data.
influence of gender, age, and cardiac diagnosis
Gender 
Girls in the exercise group did not change as to internalizing problems, whereas girls in the 
control group improved on internalizing problems from baseline to follow-up. Boys in both 
the exercise group and control group had comparable pre-post improvements (see Figure 2). 
Parents showed a similar interaction effect between gender and study-group as to internal-
izing problems (see Figure 2). 
Age
The older girls in the control group, the more improvements as to internalizing problems 
they reported. In the exercise group, however, age had no influence on changes in internal-
izing problems in girls; in boys no influence of age was found in both study-groups. 
Cardiac diagnosis
had no influence on changes in emotional and behavioural problems from baseline to 
follow-up.
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DisCussioN
The most important outcome of this RCT was that a 12-week standardized exercise program, 
overall, had no positive effect from pre-to post assessment on emotional and behavioural 
problems in adolescents with ToF or Fontan circulation. These are diagnostic categories with 
the poorest long-term cardiac outcome17. 
Our findings are in contrast with the more positive outcomes of the few smaller, non-
randomized studies in the field8-10. The only intervention-study that also assessed emotional 
and behavioural problems8 used two exercise programs; either a 2-week exercise program 
in a rehabilitation centre, or a 5-month exercise program near their homes. A small number 
of adolescents with varying ConHD diagnoses were enrolled and they were compared with 
voluntary peers with ConHD. Participation in any of the two exercise programs resulted in 
lower parent-reported internalizing problems, withdrawn/depressed problems, and somatic 
complaints. As to self-reports, no differences on any emotional and behavioural scale were 
found. 
The two other studies9, 10 investigated the influence of an exercise program in adolescents 
with ConHD on health status, both using the Child Health Questionnaire (CHQ- Parent and 
Child Form)18. Moons et al.9 reported that children with several diagnoses of ConHD, who at-
tended a 3-day sports camp, improved on self-esteem and general behaviour. Rhodes et al.10 
compared 15 youngsters with complex ConHD who followed a 12-week exercise program 
with voluntary controls who had similar diagnoses. One year later, the exercise group re-
ported clinically important improvements in their emotional, behavioural, and physical state. 
Figure 2: Change from baseline to follow-up in internalizing problems in exercise group and control 
group, split for gender
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These studies, however, shared methodological flaws, e.g. small samples, non-standard-
ized exercise programs, many dropouts. In our multi-centre study, we used relatively larger 
samples, a standardized exercise program, and a randomized control group. Moreover, our 
drop-out rate was very low, only 2 girls randomized to the exercise group refused to partici-
pate in the exercise program, and one girl did not complete the total intervention. 
Surprisingly, our study showed that adolescents in the control group reported significant 
greater pre-post improvements on withdrawn/depressed problems compared with ado-
lescents in the exercise group. Parents in the control group reported significantly greater 
improvements in somatic complaints and internalizing problems compared with parents 
in the exercise group. As to anxiety for sports, no significant pre-post changes between the 
exercise group and control group were found. 
As to changes within the study groups, adolescents in the exercise group reported a 
decrease in anxiety for sports at follow-up, whereas those within the control group did not. 
And adolescents and their parents in the control group “only”, reported improvements on in-
ternalizing problems (on most subscales: anxious/depressed, withdrawn/depressed, somatic 
complaints). 
We should be careful drawing firm conclusions about gender effects, considering the 
smaller subsamples for gender. However, we want to underline the following remarkable 
results. Overall, pre-post improvements were found in the control group on internalizing 
subscales. Since boys in the exercise- versus control group did not change on internalizing 
problems, these improvements can be mainly attributed to girls, especially the older girls. 
These interaction effects became apparent on both self-reports and parent-reports. Im-
provements in internalizing problems are important, since Karsdorp et al.3 found in a meta-
analysis that parents of children and adolescents with ConHD reported more internalizing 
and total problems in their children compared with normative data. 
A possible explanation might be that (older) girls, who are already very busy with school 
and other activities, may feel relieved from a possible burden to participate in an exercise 
program three times a week. It is known that in the general population, girls get less physi-
cally active when they enter adolescence, whereas boys do not19. In a qualitative study of 
Moola et al.20 adolescents with ConHD reported that they were not interested and motivated 
for physical activities. The majority indicated that sport was not a valuable pursuit. However, 
these outcomes were not gender specific. 
Besides possibly feeling relieved about non-participation in exercise, an advantage of tak-
ing part in this study might be that girls in the control group obtained a feeling of safety and 
assurance receiving two psychosocial and physical assessments. Girls are more inclined than 
boys to disclose problems and share emotions21. They may have benefited from this pos-
sibility to express emotions in interviews with the psychologist and through questionnaires. 
Adolescents in the exercise group obtained the same psychosocial and physical assess-
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ments. Although adolescents in the exercise group had less anxiety for sports at follow-up, 
they did not change on generic internalizing problems (YSR). Participation in an exercise 
program may have been a burden in effort and time. It may have also confronted them with 
their physical limitations, making them aware of being a person with limitations due to their 
heart disease. From literature22, 23, it seems that psychosocial needs in these adolescents are 
a neglected but important field.
From qualitative studies it is known that parents of ConHD adolescents might be overpro-
tective and anxious towards participation in sports24, 25. This might also be the reason for 
our low response rate (26%) in this study. Parents in the control group reported less somatic 
complaints and internalizing problems at follow-up. The extra check-ups may have given 
them a feeling of safety and care. They also may feel relieved that their child did not have to 
test its limits in a sports program. Besides anxiety, a real logistic burden may have played a 
role. 
Comparison with normative data at follow-up
As to ConHD children, several researchers reported elevated levels in internalizing problems, 
but also in externalizing problems26, 27, aggressive behaviour27, 28, attention problems27-29, 
and total problems3. In contrast, parents in both groups reported comparable or lower 
scores for these problem scales at follow-up compared with normative data. This may be the 
result of selection-bias for this randomized controlled trial.
As to internalizing problems, only parents of girls in the control group reported better 
scores at follow-up compared to normative data. In line with our previous conclusions that 
parents within the control group reported pre-post improvements in internalizing problems, 
they also obtained better scores compared to normative data. 
study strengths and limitations
As to strengths, this is a multi-centre, randomized controlled trial with a standardized exer-
cise program and assessment instruments. Considering previous research, our sample was 
larger and the dropout rate was very low. As to limitations, the response-rate of this study 
was low, especially that for girls, and therefore at times, sub-analyses had lack of power. 
Conclusions
A standardized exercise program in adolescents with ConHD did not influence emotional 
and behavioural problems. Surprisingly, control-girls and their parents reported improve-
ments as to internalizing problems after a period with two medical and psychological 
examinations, and contact with a psychologist. These contact moments, together with the 
knowledge that they did not have to exercise three times a week, might have relieved them 
and made them feel less anxious and depressed. On the other hand, adolescents who did 
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participate in an exercise program reported less anxiety for sports, whereas control-adoles-
cents did not. 
Since our randomized controlled trial, overall, showed few effects of an exercise program, 
this clearly indicates a need for future research. First, another follow-up moment could 
unravel longer-term sleeper effects. Beside this, possibly the content, intensity, and duration 
of the intervention was not sufficiently attuned to the needs and preferences of the patients. 
Future research should focus on how an exercise program can be tailored to individual 
needs. 
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AbstRACt
Aim
To evaluate effects of a standardized exercise program on sports enjoyment and leisure time 
spending in adolescents with congenital heart disease; what is the moderating impact of 
their baseline health behaviour and disease knowledge.
methods 
Included were 93 patients, aged 10 to 25, with surgical repair for tetralogy of Fallot (ToF) or 
with a Fontan circulation for single-ventricle physiology, of 5 participating centres of paedi-
atric cardiology in the Netherlands. They were randomly allocated, stratified for age, gender, 
and type of ConHD to: a) a 12-week period with an exercise program for 3 times per week or 
b) to a control group (randomization ratio 2:1). At baseline and after 12 weeks, participants 
completed web-based questionnaires and were interviewed by phone. 
main outcome measures
Primary analyses tested pre-post changes in sports enjoyment and leisure time spending 
in the exercise group versus control group. Secondary analyses concerned the moderating 
influence of baseline health behaviour and disease knowledge on pre-post changes, and 
comparison with normative data.
Results
At follow-up, the exercise group reported a decrease in passive leisure time spending 
(watching television and computer usage) compared with controls. An exercise program had 
no effect on sports enjoyment and active leisure time spending. Disease knowledge had a 
moderating influence on improvement in sports enjoyment, whereas health behaviour did 
not. Compared with normative data, patients obtained similar leisure time scores and lower 
frequencies as to drinking alcohol and smoking.
Conclusions
An exercise program decreased passive, but not active leisure time spending. It did not influ-
ence sports enjoyment.
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iNtRoDuCtioN
Contemporary outcomes for paediatric cardiac surgery are good; nowadays about 85% of 
children born with moderate or serious congenital heart disease (ConHD) survive into adult-
hood1. In adulthood, risk for complications and early mortality in adults with ConHD is larger 
than in adults from the general population. Complications and early mortality are mainly 
caused by cardiac related issues; e.g. cardiac surgery, heart failure, sudden death and other 
cardiovascular diseases2. To prevent or delay these complications, it is important for patients 
with ConHD to pursuit an optimal healthy lifestyle, including participation in daily activity 
and sports, together with avoidance of risky health behaviour. Healthy lifestyle and risk fac-
tors commonly are developed in adolescence and persist into adulthood3. 
In adolescents from the general population, well-known lifestyle risk factors are: physical 
inactivity, unhealthy diet behaviour, and substance abuse3-7. Adolescents with ConHD also 
present these lifestyle risk factors: they tend to become more obese or overweight8 they 
do not achieve 60 min of recommended daily moderate-to-vigorous physical activity9 and 
have unhealthy diet behaviours10. They also use alcohol, cigarettes, and drugs on regularly 
basis11. Besides this, they are also at risk for condition-related cardiovascular disease10 and are 
therefore they are advised to pursuit good oral hygiene to avoid infective endocarditis11, to 
use contraception responsibly, and to avoid risky sexual behaviour12. 
Pemberton et al.2010 formulated guidelines13 aimed to improve health behaviour in 
children with ConHD. These guidelines addresses diet behaviour (reducing excessive energy 
intake) and leisure time spending (limiting screen time, i.e. television and computer usage). 
They are also aimed at increasing energy expenditure to more than 60 minutes of moderate 
to vigorous physical activity daily. 
A useful tool to increase energy expenditure in adolescents with ConHD is an exercise 
program. Such a program may improves physical fitness; i.e. PeakVO2, activity levels, and 
muscle strength14. Sports enjoyment is one of the main reasons reported by adolescents in 
the general population to participate in sport and physical activity15, therefore this is also an 
important target for ConHD-adolescents.
Since unhealthy risk factors are formed in adolescence, it is important that adolescents 
with ConHD have proper disease knowledge about growing up with their disease and that 
they have insight in their health behaviour and possible risk factors16.
It has not yet been investigated, to the best of our knowledge, whether an exercise program 
influences sports enjoyment and self-reported leisure-time spending in adolescents with 
ConHD. In addition, the influence of baseline health behaviour and disease knowledge is 
also unknown.
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This study is the first, aiming to answer the following questions:
1. What is the effect of a 12-week standardized exercise program in children, adolescents,  
and young adults (10-25 years of age) who have undergone treatment for tetralogy of Fal-
lot (ToF) or have a Fontan circulation on their sports enjoyment and leisure time spend-
ing?
2. What is the moderating impact of baseline health behaviour and disease knowledge?
3. What are levels of sports enjoyment and leisure time spending compared with normative 
data. And what are those of baseline disease knowledge and health behaviour?
mEtHoDs
This randomized controlled trial is designed according to the CONSORT guidelines17.
inclusion/exclusion 
Included were patients aged 10 to 25, who underwent cardiac surgery before the age of 2 for 
ToF or who underwent surgery for single-ventricle physiology (intra-cardiac or extra-cardiac 
tunnel type of Fontan-completion, at least 2 stages) completed before the age of 6 years. 
Patients were treated at one of the 5 participating centres of paediatric cardiology in the 
Netherlands: Academic Medical Centre Amsterdam, Erasmus MC Rotterdam, Leiden Univer-
sity Medical Centre, Radboud University Nijmegen Medical Centre, and University Medical 
Centre Utrecht.
Excluded were patients with contra-indications for exercise, mental retardation, standard 
contra-indications for MRI, or a ventricular outflow obstruction (peak Doppler gradient > 60 
mm Hg).
Randomization
After informed consent had been obtained, patients received an anonymous study code and 
were invited for psychological and medical baseline assessments. Then a ‘blind’ independent 
researcher allocated them to the exercise group or the control group; ratio 2:1, restricted 
randomization: stratified by age, gender, and cardiac diagnosis.
intervention
 The standardized exercise program consisted of 3 training sessions of 1 hour per week, 
during a 12-week period. Patients who already participated in other sports activities were in-
structed to continue these activities and participate in the exercise program 2 times a week. 
The exercise program consisted of 10 minutes warming-up, 40 minutes aerobic dynamic 
cardiovascular training, and 10 minutes cooling down. Participants were given a heart rate 
monitor to perform their exercises within the given heart range (resting heart rate plus 60-70 
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% of the heart rate reserve). This range was determined by the ergometer-test performed at 
the baseline assessment. The program was performed group-wise with other children/ado-
lescents with a chronic illness, under supervision of a trained and licensed physiotherapist in 
local centres throughout the Netherlands. The same researcher (ND) visited all participating 
physiotherapists prior to the start of the program and visited them thereafter when needed, 
to ensure standardized implementation of the exercise program. The control group con-
tinued their normal daily live and were invited for a baseline and a follow-up medical and 
psychological assessment.
Assessment procedure
The ethics-committee review boards of all 5 participating medical centres approved the 
research protocol. All eligible patients and their parents were approached uniformly. After 
having signed informed consent, patients and parents completed the same psychological 
instruments at 2 points in time. At baseline, a web-based questionnaire and a semi-struc-
tured interview by phone were completed, no longer than 2 months before the start of the 
exercise program, and 1-3 days before the baseline cardiac assessment in the hospital. The 
second assessment was performed no later than one month after completion of the exercise 
program, and no more than 2 weeks after the second cardiac assessment in the medical 
centre. Assessments for control groups were performed at comparable timepoints. 
instruments
Biographical data were assessed with a semi-structured interview18. Socioeconomic status 
was divided into low, middle, and high occupational level19. 
Sports enjoyment 
The 10-item Groningen Enjoyment Questionnaire (GEQ) was used to assess enjoyment in 
leisure-time physical activity20. The GEQ was originally developed for sedentary older adults. 
For our study, the GEQ has been adapted for children and adolescents. The GEQ has satisfac-
tory reliability and validity20. 
Leisure time spending
The Rotterdam Leisure-time Spending Questionnaire (RLSQ)21 was developed to assess 
leisure time spending (LTS), It was based on data obtained from the Dutch Central Bureau 
for Statistics22. Both active LTS (participation in sports, walking and cycling,) and passive LTS 
(computer and television usage) were assessed in a semi-structured interview by phone.
Health Behaviour 
The Rotterdam Health Behaviour Questionnaire (RHBQ)23 was developed to assess health 
behaviour. It was based on the Annual Report 2012 National Youth Monitor22 and Youth Risk 
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Behaviour Surveillance System (YRBSS)24. Dichotomized items into alcohol usage (never/
monthly or less versus 2 - 4 times per month or more) and smoking (no versus yes) were 
included.
Disease knowledge
The Rotterdam Knowledge Questionnaire (TRKQ)25 assessed knowledge about ConHD. This 
questionnaire was based on Leuven Knowledge Questionnaire for Congenital Heart Dis-
ease26. Dichotomized items used were “What is the name of your congenital heart disease?” 
and “What is endocarditis?”. 
statistical Analyses
Pearson’s χ2 -tests tested differences between the exercise group and control group as to 
distributions of gender, cardiac diagnoses, and socioeconomic status. These tests were also 
used to compare leisure time spending and health behaviour frequencies with normative 
frequencies. If cell values were lower than 5, Fishers exact tests were used. 
Nine participants in the exercise group and 8 participants in the control group did not fill 
in the first and/or the second sports enjoyment questionnaire; therefore multiple imputation 
was used to estimate these missing data27. Pre-post difference in sports enjoyment between 
the exercise group and control group was estimated with univeriate regression. The pooled 
coefficient that takes into account variation across imputations is reported.
Pre-post differences in ordinal variables between groups were compared with Mann-
Whitney U tests. 
To analyse the impact of moderators, these variables were added as factors (categorical 
data) or covariates (continuous variables) in the MANOVA repeated measures test. Statistics 
were conducted using SPSS version 20.0. 
REsuLts
biographical data
Eligible patients (n=362) were contacted of whom 93 (26%) finally participated (see Fig-
ure 1). Two girls refused to participate in the exercise group after the first assessment. The 
remaining sample consisted of 91 patients; median age 15.4 (IQR 12.8 - 17.7), 64/91 male, 
47/91 ToF, 44/91 Fontan, socioeconomic status: low 12%, moderate 39%, high 49%. Patients 
were recruited and followed-up between January 2010 and August 2012.
At baseline, no differences were found between the exercise group versus control group 
on distributions of age, gender, cardiac diagnosis, socioeconomic status, sports enjoyment, 
passive leisure time spending, active leisure time spending, health behaviour, and disease 
knowledge, see Table 1 and Table 2..
95
Chapter 5: Effects on sports enjoyment and leisure time spending
Figure	  1:	  enrollment	  in	  
study
	  
Screened on eligibility (n= 362) 
Excluded/declined to participate (n= 269) 
Exercise group (n= 53) 
 Sports enjoyment (n= 44) 
 Leisure time spending (n= 51) 
 Health behaviour (n= 51); baseline 
Exercise group (n= 54) 
 Lost to follow-up (n= 1) 
 Refused to fill in 1st sports enjoyment (n= 3) 
 Refused to fill in 2nd sports enjoyment(n= 6) 
 
 
 
 
Randomized to exercise group (n= 56) 
 Received exercise program (n= 54 )	  
 Did not receive allocated intervention (n= 2 )*	  
Randomized to control group (n= 37) 
	  
Control group (n= 37) 
 Sports enjoyment (n= 29) 
 Leisure time spending (n= 35) 
 Health behaviour (n= 33); baseline 
 
Randomization	  2:1	  
Analysis	  
Randomized (n= 93) 
Enrollment	  
Control group (n= 37) 
 Lost to follow-up (n= 0) 
 Refused to fill in 1st sports enjoyment (n= 4) 
 Refused to fill in 2nd sports enjoyment (n= 4) 
	  
Follow-­‐Up	  
* Two girls randomized to the exercise-group refused to participate in the exercise program 
Figure 1: Enrollment in study
table 1: Baseline demographic characteristics
  Exercise group n=54 Control group n=37
Age in years 15.2 (12.6-17.6) 15.5 (13.3-17.8)
Male 39 (72) 26 (70)
Congenital heart disease
Tetralogy of Fallot (ToF) 27 (50) 20 (54)
Age at ToF operation 0.5 (0.4 – 1.1) 0.7 (0.5 – 0.9)
Fontan circulation 27 (50) 17 (46)
Age at Fontan completion 3.0 (2.5 - 5.0) 3.0 (2.5 – 3.9)
Social economic status
Low (1) 6 (11) 4 (11)
Middle (2) 18 (33) 16 (43)
High (3) 29 (54) 14 (38)
 Missing 1 (2) 3 (8)
Data are presented as number (percentage), only age is presented as median (IQR)
96
Effects of an exercise program on sports enjoyment and leisure time spending
Adolescents in the exercise group versus the control group did not change their sports en-
joyment from pre- to post-assessment, b = -.79, s.e. = .82, t=-.96, p =.34 (Table 2).
Adolescents in the exercise group reduced their passive leisure time spending (LTS) com-
pared with those in the control group, who increased their passive LTS, U = 528.00, z = -3.14, 
p <.01, r = -.34. As to active LTS, adolescents in both groups reported no change, U = 916.00, 
z = -0.02, p = .99, r =.00. 
Age, gender, and cardiac diagnosis did not influence these differences. 
moderating impact of baseline health behaviour and disease knowledge
 Changes in sports enjoyment were not influenced by smoking, F(1,67) = 0.22, p=.64, drink-
ing alcohol, F(1,67) = 1.61, p=.29, nor by knowledge about the name of their ConHD, F(1,57) 
= 1.03, p=.36. 
Improvements in sports enjoyment between the exercise group and the control group 
were influenced by knowledge about endocarditis, F(1,57) = 5.44, p<.05. Adolescents in the 
exercise group who knew about endocarditis reported more improvement. 
Changes in active LTS and passive LTS were not influenced by smoking, F(2,71) = 1.62, p 
=.21, drinking alcohol, F(2,71) = 0.89, p =.42, knowledge about endocarditis, F(2,60) = 0.79, 
p=.46, nor knowledge about ConHD-name, F(2,60)=2.95, p=.06. Univariate tests showed that 
knowledge about ConHD-name had a nearly significantly moderating influence on changes 
in active LTS between the exercise group and the control group, F(1,61)=3.73, p=.058.
baseline and follow-up leisure time spending compared with normative data
Active LTS 
Adolescents in the exercise group participated less hours per week in sports activities at 
baseline χ2 (2) = 9.82, p <.01 and follow-up χ2 (2) = 15.85, p <.01 than adolescents from the 
general population. Adolescents in the control group did not.
At follow-up, adolescents in the control group participated more in walking compared 
with normative data, χ2 (2) = 7.79, p <.05, whereas those in the exercise group did not. At 
baseline, scores of both groups were comparable to normative data.
Both groups bicycled as much as adolescents from the general population at baseline as 
well as at follow-up. 
Passive LTS 
Adolescents from both groups reported less time watching television at follow-up, com-
pared with normative data, all p<.05. At baseline, adolescents in the control group watched 
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television less often, compared with normative data. For spending time on the computer, no 
normative data were available. 
baseline health behaviour compared with normative data
Since few adolescents in our sample smoked (3 out of 84; 4%), it was not possible to com-
pare them statistically with normative data (20%), see Table 2. As to alcohol usage, 20 out of 
84 (24%) adolescents in our sample used alcohol 2 - 4 times per month or more. This is less 
than adolescents from the normative data (70%), χ2 (1)= 86.6, p<.001.
DisCussioN
A 12-week standardized exercise program reduced self-reported passive LTS in adolescents 
with ConHD. It had no influence on sports enjoyment or on active LTS. More knowledge 
about endocarditis was associated with more pre-post improvements in sports-enjoyment 
in the exercise group. Unhealthy behaviour (smoking and drinking) had no moderating 
influence, nor on sports enjoyment, nor on LTS. Compared with normative data, adolescents 
in our sample walked and bicycled the same amount of time, however they participated less 
time in sports activities. They smoked and used alcohol less frequently than adolescents and 
young adults from the general population.
Only two studies in adolescents and adults with ConHD measured change in physi-
cal activity (PA) level after an exercise program; they both showed increase in objectively 
measured PA28, 29. We did not find comparable improvements in self-reported PA. Notewor-
thy, our adolescents reported a decrease in passive LTS (watching television and computer 
usage) after participation in a standardized exercise program. An explanation could be that 
adolescents were participating in the exercise program instead of watching television or 
using their computer at home. On the other hand, our finding is in line with findings of an 
RCT of Salmon et al.30. They found that adolescents from the general population reported 
reduced TV viewing after having undergone behavioural modification and/or motor skills 
interventions. However, they did not find an increase in physical activity. The lack of associa-
tion between reducing TV viewing time and increasing time in daily PA in adolescents is also 
reported in a meta-analysis31. 
Sports enjoyment is a significant correlate of children’s and adolescent’s physical activity 
in the general population15, 32. We did not find changes in sports enjoyment after an exercise 
program. An explanation could be that adolescents with ConHD see sports as an instrumen-
tal purpose, as being important because of its health benefit33 rather than fun. Presumably, 
although the exercise program was performed group wise most of the time, the context 
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of the exercise program may not be tailored enough to the needs of these adolescents, 
such as having fun and having a relaxed time together34. In adolescents from the general 
population, ‘best-friends’ dyads show similarities in physical activity participation35. Possibly, 
involving a friend who likes to sport in the exercise program may enhance sports enjoyment 
of adolescents with ConHD. 
On the other hand, the lack of improvement in sports enjoyment may also be related 
to negative enforcement. Adolescents with ConHD may experience physical limitations in 
sports participation. Therefore they may have a lower sport performance than healthy ado-
lescents, which may result in less sports enjoyment. 
As to moderators, only knowledge about endocarditis influenced improvements on 
sports enjoyment. Surprisingly, only 8% of the adolescents with ConHD in our sample knew 
about endocarditis. This is even lower than the low percentage (21%) reported in Van Deyk 
et al.16. Because of this low percentage, it is difficult to generalize this moderating influence. 
Several studies16, 36, 37 showed poor disease knowledge in youngsters with ConHD; e.g. 
only 45% could name or describe their ConHD16. In contrast, 84% of our adolescents could 
name or describe their ConHD. This is not that surprising, since their type of ConHD was an 
inclusion criterion in our RCT, and was therefore described in the patient information letter. 
Knowledge about their ConHD had a nearly significant moderating influence on improve-
ments in active LTS in the exercise group. Future research, using a larger sample, should 
replicate this. 
Health behaviour; smoking cigarettes and drinking alcohol, did not moderate changes in 
sports enjoyment nor in LTS. This could be explained by the low prevalence of smoking and 
drinking alcohol in our sample. A small percentage (4%) of adolescents with ConHD smoked, 
which is in contrast with a longitudinal study reporting that 12% of Belgian and German 
adolescents with ConHD were active smokers10. However, their percentage was also lower 
than the norm in their healthy peers (20%). 
As to drinking, 24% of our sample used alcohol 2 to 4 times per month or more. In the 
general population, 70% of adolescents use alcohol on regular basis. Adolescents in the gen-
eral population that smoked and/or drank alcohol participated less in endurance sports38. 
Since, in our RCT, adolescents participated voluntary into an exercise program, they were 
motivated to participate in sports. This may reflect a motivation towards a healthy lifestyle 
and may partially explain the low prevalence of drinking and using alcohol. 
Limitations
Though our RCT-sample is large for this field in research, for statistical analysis it is rela-
tively small. Moreover, selection bias, such as sampling bias, may have occurred. 26% of the 
adolescents, of whom 70% male, with ToF or a Fontan circulation participated in our RCT. 
Patients gave their consent to participate, before they knew whether randomization would 
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allocate them to the exercise or control group. Thus our sample was motivated to participate 
in sports. This motivated sample may also explain the low frequencies of smoking and drink-
ing alcohol. On the other hand, at baseline, no differences were found between the exercise 
group and the control group on a broad range of variables. To what extent selection bias has 
influenced our results regarding the effects of the exercise program, is unknown. 
Clinical implications
Sports enjoyment is an important link between participation and adherence in physical ac-
tivity34. An exercise program with only aerobic exercises under supervision of a physiothera-
pist is probably not valued as a fun leisure activity by adolescents with ConHD. Therefore, 
tailoring the program more to age-relevant needs of adolescents with ConHD may improve 
their sport enjoyment. For example, participation with a friend who likes to sport, in a more 
socially oriented exercise program, for example dancing, may improve their sports enjoy-
ment, thereby improving their participation in physical activity during leisure time. 
Although a large part of adolescents and young adults in our sample could name or de-
scribe their ConHD, only 8% could describe what endocarditis is. The gap in disease knowl-
edge remains an important point of attention.
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AbstRACt
background
To evaluate the moderating influence of parental variables on changes in health related 
quality of life (HRQoL) in adolescents with Tetralogy of Fallot (ToF) or a Fontan circulation 
after participation in a standardized exercise program.
Design
A multicentre randomized controlled trial in which 56 patients, aged 10 to 15, were random-
ly allocated (stratified by age, gender and congenital heart disease) to: a) a 12-week period 
with an exercise program for 3 times per week or b) to a control group (randomization ratio 
2:1). Adolescents and their parents filled in online questionnaires at baseline and at 12-week 
follow-up.
methods
In this randomized controlled trial, primary analyses involved influence of parental mental 
health and parental social support for exercise on changes in the TNO/AZL Child Quality of 
Life Questionnaire Child Form at follow-up. Secondary analyses concerned comparing levels 
of parental characteristics with normative data.
Results
Compared with controls, adolescents in the exercise group reported a decrease in social 
functioning when their parents had more anxiety/insomnia or severe depression them-
selves. Adolescents also reported a decrease in social functioning when their parents 
showed poorer overall mental health themselves. Parents reported comparable or even bet-
ter mental health compared with normative data.
Conclusions
The effect of a standardized exercise program on HRQoL changes in adolescents with ToF or 
a Fontan circulation is moderated by parental mental health, more specifically by parental 
anxiety/insomnia and severe depression.
107
Chapter 6: Influence of parental mental health
iNtRoDuCtioN
Due to advances in medical care over the past 30 years, survival rates of children with con-
genital heart disease (ConHD) have increased enormously. Nowadays, 85% of these children 
survive into adulthood1. After surgical treatment, children with ConHD may experience limi-
tations such as a reduced exercise capacity2, lower physical activity levels3, and also impaired 
health related quality of life (HRQoL)4, 5. 
An exercise program may improve exercise capacity of children with ConHD6. However, 
despite well-known beneficial effects of physical activity, children with ConHD are less vigor-
ously active than their healthy peers3, 7. Parental anxiety and overprotection may hamper 
participation of children with ConHD in physical activities8, 9. In adolescents from the general 
population, parental support for exercise is positively related to moderate-to-vigorous physi-
cal activity10, 11. 
Parental overprotectiveness towards participation in physical activity regarding their 
ConHD child may be the result of parental psychological factors such as: feelings of loss of 
control, uncertain long-term prognosis, and negative past experiences9. Besides, parental 
mental health and parental worries also appeared to be strong predictors for children’s 
emotional adjustment, whereas disease severity and surgical factors were not12, 13. Berant et 
al.14 found that a maternal avoidant attachment style in the period of ConHD diagnosis was 
associated with emotional problems and poor self-image in the children 7 years later.
Summarizing, previous studies showed that if parents are not anxious (regarding sports) 
and if they support their child regarding sports, this would have a beneficial influence on 
their child’s sports participation. 
To our knowledge, the role of parental variables on psychological effects of an exercise 
program in children with ConHD has never been studied before. These parental variables are 
moderators since they identify on whom and under what circumstances the intervention has 
different effects15. Our hypothesis is that parental variables such as parental mental health 
and parental social support for exercise may have a moderating influence on a standardized 
12-week exercise program on HRQoL of children with ConHD.
The present study is a multi-centre, prospective, randomized controlled, intervention 
study into the effect of standardized exercise training in a cohort of children and adoles-
cents, aged 10-15 years, with either tetralogy of Fallot (ToF) or a Fontan circulation. Two-third 
of both ToF respectively Fontan children were randomized to an aerobic exercise program; 
the remaining one-third served as controls. 
This study’s aims concern:
1. What is the moderating role of parental mental health and parental social support 
towards exercise on the effect of a 12-week exercise program in adolescents, aged 10-15, 
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with ToF or a Fontan circulation on HRQoL scores, compared with controls from pre-to 
post assessment?
2. What is the level of parental mental health and social support in the exercise group and in 
the control group at follow-up, compared with normative data? 
mEtHoDs
Participants
Between January 2010 and August 2012, 93 patients aged 10 to 25 who underwent surgery 
for either Tetralogy of Fallot or single-ventricle physiology (treated with the Fontan opera-
tion) were included. Patients were treated at one of the 5 participating centres of paediatric 
cardiology in the Netherlands: Academic Medical Centre Amsterdam, Erasmus Medical 
Centre Rotterdam, Leiden University Medical Centre, University Medical Centre Radboud 
Nijmegen, and University Medical Centre Utrecht. 
Excluded were patients with: contra-indications for exercise, mental retardation, standard 
contra-indications for MRI, or a ventricular outflow obstruction (peak Doppler gradient > 
60 mm Hg). Since the focus of this study was on parental moderators, and due to the age-
range of the selected questionnaires, adolescents and young adults aged 16 and older were 
excluded.
Randomization
After informed consent had been obtained, patients received an anonymous study code and 
were invited for medical and psychological baseline assessments. Thereafter, a ‘blind’ inde-
pendent researcher allocated the patients to the exercise program or the control group (ratio 
2:1) according to stratified randomization. All participants were stratified into groups by age, 
gender, and cardiac diagnosis. Each first and second patient in the stratification-group (e.g. 
age-group 10-12, boys, Fontan) was randomized through envelopes. The randomization of 
the third patient in the stratification-group was dependent of the previous two randomiza-
tions. 
intervention
The standardized exercise program consisted of 3 training sessions of 1 hour per week, dur-
ing a 12-week period. The program consisted of 10 minutes warming-up, 40 minutes aerobic 
dynamic cardiovascular training (60-70% of heart rate reserve, based on baseline ergometer-
test), and 10 minutes cooling down. Children who already participated in other sports activi-
ties participated in 2 training sessions per week. The standardized program was performed 
group-wise, under supervision of a trained physiotherapist in local physiotherapy centres 
throughout the Netherlands. The same researcher (ND) visited all participating physiothera-
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pists prior to the start of the program and visited them thereafter when needed, to ensure 
standardized implementation of the exercise program. The control group continued their 
normal daily live and were invited for a baseline and a follow-up medical and psychological 
assessment.
Assessment procedure
The ethics-committee review boards of all 5 medical centres approved the research protocol. 
All eligible patients and their parents were approached uniformly through a patient-informa-
tion letter and completed the same psychological instruments at 2 points in time. The base-
line psychological assessment, a web-based questionnaire and a semi-structured interview 
by phone, took place no longer than 2 months before the start of the exercise program, and 
1-3 days before the baseline cardiac assessment in the hospital. The second psychological 
assessment was performed no later than one month after completion of the exercise pro-
gram, and no more than 2 weeks after the second cardiac assessment in the medical centre. 
Assessments for control groups were performed at comparable timepoints. 
outcome measure
The primary outcome measure was the TNO/AZL Child Quality of Life Questionnaire Child 
Form (TACQOL-CF), a generic instrument that measures self-reported general aspects of 
HRQoL in children16. The TACQOL-CF assesses the occurrence of functional problems, and if 
such problems occur, subsequently negative emotional reactions are assessed. The TACQOL-
CF consists of 6 scales (56 items): 1) pain and physical symptoms, 2) motor functioning, 3) 
cognitive functioning, 4) social functioning, 5) global positive emotional functioning and 6) 
global negative emotional functioning. The satisfactory psychometric properties have been 
described by Verrips17.
Parental moderators
Parental mental health was assessed with the 28-item Dutch version of the General 
Health Questionnaire-28 (GHQ-28)18, 19. The reliability and validity of the Dutch GHQ-28 were 
satisfactory19. The GHQ-28 consists of one total GHQ-score and four scales: somatic symp-
toms, anxiety/insomnia, social dysfunction, and severe depression. The GHQ normative 
group consisted of 485 participants from the general population (45% male), aged 18 years 
and older from the general population19. 
Parental social support for exercise was assessed with the Dutch version of the Social 
Support for Diet and Exercise20, 21 that consists of 3 scales (18 items). For this study we used 
one scale: Family support for Exercise Habits Scale: Participation and Involvement (SSE). No 
normative data for adolescents were available. 
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statistical analysis
This randomized controlled trial is designed according to the CONSORT guidelines22 with 
analyses conform the intention-to-treat principle. Baseline scores of the TACQOL-CF, GHQ-28, 
and SSE for participants with follow-up assessment and those lost to follow-up were com-
pared with Mann-Whitney tests (p<0.05). 
First, correlations between pre-post changes for TACQOL-CF subscales and baseline GHQ-
scales and SSE were calculated. Then, we used general linear models, in which the repeated 
measures of TACQOL-CF baseline and follow-up scales were regressed on time, study group, 
and parental moderators. We tested moderations of parental variables through interac-
tions of those parental variables with study group15. For each TACQOL-CF scale, univariate 
regressions were tested against a significance of p <0.008 (Bonferroni correction, p = 0.05/ 6 
parental moderators), then Beta with standard error was reported. After this, we calculated 
correlations between parental moderators to identify collinearity. Finally, and only if parental 
moderators’ cross-correlations were not too high (>.50)23, all significant moderators of a spe-
cific TACQOL-CF scale were combined in a final repeated measures model to control for each 
of the other significant predictors.
Comparisons with normative groups were calculated using Students’ t tests (p<0.05). Data 
were analysed using SPSS version 20.0. 
REsuLts
Preliminary Analyses
Fifty-six adolescents were randomized to the exercise group or the control group (see Figure 
1). Two adolescents dropped out directly after the baseline assessment. During follow-up, 1 
participant was lost. In case of 12 adolescents data were missing on the main outcome; 
7 patients refused to fill in questionnaire, for 1 patient the questionnaire was too difficult, or 
on parental predictor variables (n = 4); the complete cases sample consisted of data on 41 
adolescents and their parent. 
No differences were found on baseline TACQOL-CF, GHQ-28, and SSE scores between 
participants with a follow-up assessment and those lost to follow-up.
At baseline, adolescents in the exercise group did not differ from those in the control 
group as to baseline demographic characteristics, see Table 1, nor on TACQOL-CF-scores. 
Parents in the exercise group and those in the control group did not differ on GHQ scores 
and SSE scores on baseline.
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Figure	  1:	  enrollment	  in	  
study
	  
Screened on eligibility (n= 362; 65%male) 
Declined to participate (n= 269; 61%male) 
Excluded adolescents >15 years (n=37) 
Exercise group 
 n = 25; TNO/AZL	  Child	  Quality	  of	  Life	  
Questionnaire	  Child	  Form 
 n = 25; Social	  Support	  for	  Diet	  and	  Exercise 
 n = 30; General Health Questionnaire (parent) 
 
 
Available data on all three questionnaires : n = 24 
Exercise group (n= 32; 72% male) 
 Lost to follow-up (n= 1; female) 
 Questionnaire was too difficult for child (n=1) 
 Refused second psychological questionnaire  
(adolescents: n= 5, parents : n= 2) 
 
 
 
 
 
Randomized to exercise group (n= 34; 68% male) 
 Received exercise program (n= 32)	  
 Did not receive allocated intervention, dropped-
out directly after first assessment (n= 2, both 
female )	  
Randomized to control group (n= 22; 68% male) 
	  
Control group 
 n = 21; TNO/AZL	  Child	  Quality	  of	  Life	  
Questionnaire	  Child	  Form 
 n = 21;	  Social	  Support	  for	  Diet	  and	  Exercise 
 n = 19; General Health Questionnaire (n = 1 
refused to fill in GHQ) 
 
Available data on all three questionnaires: n = 17 
 
Randomization 2:1 
Analysis 
Randomized (n= 56; 68% male) 
Control group (n= 22; 68% male) 
 Lost to follow-up (n= 0) 
 Refused second psychological questionnaire 
(adolescents: n= 1, parents : n= 2) 
	  
Follow-Up 
Figure 1: Enrollment in study
table 1: baseline demographic characteristics 
  Exercise group n = 24 Control group n = 17
Child
Age in years 13.3 (12.0-15.0) 13.2 (11.9-15.3)
Male 17 (70.8) 12 (70.6)
Tetralogy of Fallot 11 (45.8) 7 (41.2)
Fontan circulation 13 (54.2) 10 (58.8)
Parents
Father 6 (25.0) 5 (29.4)
Age father 46.0 (42.0-49.0) 46.0 (41.8-51.5)
Mother 18 (75.0) 12 (70.6)
Age mother 43.5 (40.3-47.0) 43.5 (41.3-46.8)
Social economic status
Low (1) 4 (16.7) 1 (5.9)
Middle (2) 7 (29.2) 8 (47.1)
High (3) 13 (54.2) 8 (47.1)
Data are presented as number (percentage), only age is presented as median (inter quartile range)
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moDERAtiNg iNFLuENCE oF PARENtAL mENtAL HEALtH AND soCiAL 
suPPoRt oN HRQoL CHANgEs
Parental mental health
Correlations between pre-post changes in TACQOL-CF and baseline parental mental health 
(GHQ) and parental social support (SSE) scores were divided by exercise group and control 
group, see Table 2. In the exercise group, six correlations were significant, whereas in the 
control group no significant correlations were found. In summary, higher parental mental 
health in the exercise group was associated with less HRQoL changes in adolescents.
In univariate repeated measures analyses, moderations in pre-post changes in TACQOL 
scales were tested through interactions between parental mental health scales and study 
group (exercise group versus control group). More parental anxiety/insomnia at baseline was 
associated with a pre-post decrease in social functioning in the exercise group, compared 
with the control group, F(1,37) = 10.5, p = .003. Parental severe depression at baseline and 
a higher total GHQ score at baseline were also associated with a pre-post decrease in social 
functioning in the exercise group, compared with the control group (respectively F(1,37) = 
11.8, p = 001 and F(1,37) = 11.2, p =.002).
According to Cohen’s criteria23, large correlations were found between total GHQ score 
and anxiety/insomnia r = 0.71, p < .001, total GHQ score and severe depression, r = 0.73, p 
< .001, and severe depressions and anxiety/insomnia, r = 0.50, p < .005. Therefore, no final 
model with all significant parental moderators was analysed. 
Parental social support for exercise
No significant correlations between changes in child-reported HRQoL and baseline parental 
social support for exercise were found (see Table 2).
In univariate regressions, no pre-post changes in HRQoL were significantly associated 
with baseline parental social support for exercise. 
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Comparison parental mental health with normative groups
Parental mental health
ConHD-mothers reported less somatic symptoms, anxiety/insomnia, and less symptoms 
on the total GHQ than normative females, see Table 3. On social dysfunction, they reported 
more complaints. Further no differences were found, nor for mothers, nor for fathers. 
DisCussioN
This is the first study showing that parental mental health moderated the effect of a 12-week 
standardized exercise program on HRQoL in adolescents with ToF or a Fontan circulation. 
Compared with controls, adolescents in the exercise group reported a pre-post decrease in 
social functioning when their parents themselves reported more mental health problems 
(total GHQ) and more specifically: more parental anxiety/insomnia and severe depression. 
Compared with normative females, ConHD-mothers showed similar or even better 
outcomes on mental health (GHQ). Only on social dysfunction, they reported more com-
plaints. Previous studies into parental mental health have also shown that, on the long-
term, parents of somatically ill children reported comparable or even better mental health 
compared with parents from the general population24-27. The phenomenon that parents with 
a chronically ill child change their internal standards towards their HRQoL is described in 
previous studies as response shift or post-traumatic growth28, 29. Since mothers filled in most 
questionnaires in our study, it was not possible to compare the small sample of fathers in 
our sample adequately with those from the general population. 
table 3: gender-specific baseline means of parental mental health and parental social support for exercise 
Mothers (n = 30) Norm female Fathers (n = 11) Norm male
General Health Questionnaire-28 (GHQ-28) 
Somatic symptoms 4.3 (3.3) a 6.7 4.7 (3.0) 5.4
Anxiety/insomnia 3.7 (3.2) a 6.0 5.0 (4.7) 5.5
Social dysfunction 7.5 (1.0) a 6.9 6.8 (0.6) 7.1
Severe depression 1.1 (2.8) 1.6 1.2 (3.3) 1.5
Total score 2.6 (3.6) a 5.5 2.5 (4.6) 3.9
Social support for Exercise (SSE)
Family support 32.8 (11.3) 30.1 (9.2)
Data are presented as mean (standard deviation).
GHQ-28; a higher score indicates worse General Health, SSE: a higher scores indicates more social support
a) Significantly different from norm females 
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Although parents in our sample reported better mental health than normative groups, 
adolescents whose parents’ overall mental health was worse, reported a pre-post decrease 
in social functioning after the exercise program, compared with controls. They also reported 
a pre-post decrease in social functioning when their parents had worse outcomes on severe 
depression and anxiety/insomnia. Social functioning was assessed as interaction with peers 
containing the following items: being able to play or talk happily with other children, being 
able to stand up for myself with other children, other children asked me to play with them, 
and I felt at ease with other children. An aim of the group-wise exercise program was also 
to improve social functioning. Parental mental health problems may hamper the expected 
improvements, or may even establish a decrease, in the social aspect of the group-wise 
exercise program. 
Overall, parental moderators had an influence only on psychosocial HRQoL. Majnemer et 
al.30 also found that higher levels of parental stress were associated with lower psychosocial 
well-being in their child. Furthermore, parental stress and parental psychopathology were 
also associated with poorer child-reported behavioural and social adjustment31 and both 
physical and psychosocial HRQoL32 in paediatric cancer survivors. In our study, parental mod-
erators did not predict changes in physical HRQoL subscales. We expect that medical and 
physical parameters will predict changes in physical HRQoL better30, 33. 
As to the associations between parental social support and child-reported HRQoL, some 
studies34, 35 reported positive correlations. In contrast, we found no associations. A possible 
explanation is that the two other studies assessed parent-reported social support, whereas 
we assessed social support for exercise reported by the adolescents themselves. Moreover, 
the other studies assessed generic social support, whereas we used a specific questionnaire 
aimed at family support for exercise habits, sports participation and involvement.
Limitations
Though our RCT-sample is large for this field in research, for statistical analysis it is relatively 
small, this may have increased type 2 errors. Moreover, selection bias, such as sampling bias, 
may have occurred. 26% of the eligible adolescents with ToF or a Fontan circulation partici-
pated in our RCT.
Clinical implications
This is the first study showing that parental mental health is a significant moderator for 
effects of an exercise program on HRQoL in their children. Thus, this factor should be taken 
into account and targeted in clinical practice. Clinicians should communicate and propagate 
physical activity information and knowledge36 with depressed and anxious parents in a sen-
sitive way. For parents with mental health problems, it is important that adequate help and, 
if needed, referral is arranged. 
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Considering our findings, this may have a beneficial influence on HRQoL outcomes of 
adolescents taking part in an exercise program. 
Conclusions 
Adolescents with ToF or a Fontan circulation with parents who showed more severe depres-
sion and anxiety/insomnia, or who had poorer overall mental health, showed a pre-post 
decrease in social functioning after an exercise program. This is the first study showing that 
parental mental health is a significant moderator for psychological success of an exercise 
program.
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gENERAL DisCussioN
The aim of the present thesis was to investigate the effects of a standardized exercise pro-
gram on health related quality of life (HRQoL) and psychosocial functioning in children, ado-
lescents, and young adults, aged 10 – 25 years, with tetralogy of Fallot (ToF) or with a Fontan 
circulation. In addition, the moderating influence of parental mental health and parental 
social support for exercise on changes in HRQoL after the exercise program was analysed. 
Effects of an exercise program on health related quality of life 
Children and adolescents with ConHD, aged 10 – 15, who participated in a standardized 
12-week exercise program, improved on self-reported subjective cognitive functioning; they 
experienced less difficulties regarding math, writing, reading, and learning. In a review of 
studies performed in general population samples, children who were more physically active 
and more fit obtained better scores as to academic achievement and cognitive function-
ing compared with those who were not. However, these findings were not supported by 
intervention studies in healthy children1, whereas our study indicates a positive effect of an 
exercise program on self-reported cognitive functioning in youngster with complex ConHD. 
Parents of children and adolescents with ConHD, aged 10 – 15, in our sample, reported 
better social functioning in their child after the exercise program. Since previous studies2 
barely found associations between exercise capacity and psychosocial domains of HRQoL, 
the improvement on parent-reported social functioning in our sample may be the result of 
the social nature of the group-wise exercise program. In a systematic review, Eime et al.3 also 
found that children and adolescents from the general population, who participated in team 
sports obtained higher scores as to social functioning, compared with those who did not 
participate in team sports. Improvement in social functioning is especially relevant, since 
several studies found elevated levels of social problems and social withdrawal in children 
and adolescents with ConHD4-6. 
Since many studies reported positive associations between exercise capacity and physical 
domains of HRQoL2, we would have expected to find improvements in physical HRQoL do-
mains (pain and physical symptoms and motor functioning) after participation in an exercise 
program. Surprisingly, this was not the case. This lack of improvements in physical HRQoL 
in our study could be explained by a ceiling effect on the HRQoL instruments. At baseline, 
a majority of our sample obtained highest possible HRQoL scores; they scored even higher 
than normative data. For this majority, it was impossible to improve on physical HRQoL 
domains. In the minority of children and adolescents with low baseline HRQoL scores, those 
enrolled in the exercise group improved as to self-reported motor functioning whereas 
those enrolled in the control group did not. 
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Overall, our findings are in contrast with outcomes of three smaller, non-randomized stud-
ies7-9. The intervention study of Rhodes et al.7 used a comparable exercise program of 12 
weeks. They found clinically meaningful improvements on several self-reported health status 
scales at 1-year follow-up. We found no such improvements in our sample directly after 
the intervention, i.e. at 12-weeks follow-up. This lack of self-reported improvements in our 
sample could be explained by the fact that we used a different design and different assess-
ment instruments. Rhodes et al. used voluntary controls, whereas our participants were allo-
cated in a randomized manner. Furthermore, they used a subjective health status instrument 
(Child Health Questionnaire) whereas we used a HRQoL instrument. Furthermore, Rhodes 
et al. found improvements at a second follow-up (i.e. at 1 year follow-up). Unfortunately, a 
second follow-up is missing in our study. Possibly, such a longer-term 1-year follow-up could 
have unravelled comparable ‘sleeper’ effects of our exercise program7. 
As to parent–reported improvements, Rhodes et al. did not find health status improve-
ments in children with ConHD after an exercise program, according to the parents7. In 
contrast, we found improvements as to parent-reported social functioning. 
Two other intervention studies8, 9 reported improvements on several subjective health 
status domains, using the Child Health Questionnaire. Since their intervention comprised a 
3-days sports camp and since they assessed subjective health status whereas we assessed 
HRQoL, their findings were difficult to compare with our results.
In our study, adolescents and young adults with ConHD, aged 16 – 25, did not improve their 
HRQoL, as assessed with both a generic and a disease-specific instrument, after an exercise 
program. This lack of improvement may be explained by a ceiling effect. Most adolescents 
and young adults reported best possible subjective health status scores on the generic SF-
36. Remarkably, they scored even better than healthy peers. This ceiling effect could be the 
result of sampling bias; maybe only those adolescents and young-adults with good HRQoL 
were motivated to participate in our RCT. The lack of improvement in HRQoL may also be the 
result of the small sample size of this group of adolescents and young-adults. 
On the other hand, the lack of improvements in HRQoL after an exercise program in our 
sample can also be explained by the nature of the exercise program. This 12-week, 3 times 
per week, exercise program with a physiotherapist may not be tailored enough to the needs 
of these adolescents and young adults. A more age-appropriate exercise program, with 
more focus on obtaining autonomy and belonging to a peer-group, involving more ‘normal’ 
sports-participation with healthy peers, might have given better results.
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Effects of an exercise program on psychosocial functioning
Emotional and behavioural problems
In our sample of children and adolescents with ToF or with a Fontan circulation, aged 10 
– 17, an exercise program had no effect on the level of emotional and behavioural prob-
lems. In line, the only previous intervention-study that assessed emotional and behavioural 
problems10, neither found an effect on self-reported emotional and behavioural problems. In 
contrast to our findings, their intervention had a positive effect on parent-reported internal-
izing problems regarding their child. This finding is difficult to compare with ours, since the 
previous study was non-randomized. Moreover, their intervention comprised two different 
exercise programs. Finally, their outcomes in the intervention group were compared with 
those of voluntary controls that did not want to participate in an exercise program. 
Although, in our study, participation in an exercise program had no effect on generically 
assessed internalizing problems, it did decrease self-reported anxiety for sports in children 
and adolescents with ConHD within the exercise group. Therefore we think that the generic 
questionnaires, the CBCL and YSR, may not have been sensitive enough to assess (disease 
specific) changes in emotional and behavioural problems in children and adolescents with 
ConHD. Besides, possibly as a result of sampling bias and/or the modest response rate, our 
patients and their parents reported less emotional and behavioural problems at baseline 
than normative data, which might have made it more difficult to establish a change. 
However, the fact that anxiety for sports decreased in the exercise group in our study is 
important and clinically relevant. We expect that if anxiety for sports participation decreases 
during adolescence, presumably this may facilitate participation in sports during (young) 
adulthood, thereby contributing to a healthy lifestyle. This may reduce the risk for cardiovas-
cular complications. 
Remarkably, we found an unexpected effect in adolescents in the control group; these ado-
lescents reported improvements on internalizing problems, whereas those in the exercise 
group did not. Besides, parents of adolescents in the control group reported the same effect, 
compared with parents of adolescents in the exercise group. Possibly, adolescents (and their 
parents) in the control group may have felt relieved that they did not have to participate in 
an exercise program. In addition, they may have benefited from the extra physical check-ups; 
they may have felt reassurance, experiencing a sense of extra ‘safety’. From literature11, 12, it 
seems that psychosocial concerns and needs in these adolescents may be neglected. 
Concluding, the interaction with a psychologist, the possibility to express emotions, and 
the feeling of extra medical safety (getting special medical attention) in our study, may have 
contributed to the positive findings on internalizing problems. It may have made them feel 
less anxious and depressed, resulting in improved internalizing problems scores. 
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Sports enjoyment and leisure time spending
In the general population, sports enjoyment in children and adolescents is associated with 
physical activity during leisure time spending (LTS)13. In our study, an exercise program re-
duced anxiety for sports. However, it had no effect on sports enjoyment or on self-reported 
active LTS; i.e. bicycling, walking, and sports participation. An explanation could be that 
children and adolescents with ConHD see exercise as an instrumental purpose, rather than 
as fun14. An implication of this finding may be that it is important to enlarge the fun part in 
an exercise program in youngsters with ConHD. 
On the other hand, children and adolescents in the exercise group reported a pre-post 
decrease in passive LTS, i.e. computer usage and watching television. Our findings indicate 
a lack of association between reducing passive LTS and increasing active LTS. This lack of as-
sociation between reducing passive LTS and increasing active LTS is also seen in adolescents 
from the general population15. Possibly, children and adolescents in our sample, who had 
busy school-schemes and other activities, replaced their regular passive LTS with participa-
tion in the exercise program. 
The lack of improvement in sports enjoyment in children and adolescents with ConHD in our 
study could also explain the lack of improvement regarding choosing active physical activi-
ties during their leisure time. Further research should reveal whether an exercise program 
aimed more at having fun with friends in a more social environment where physical activity 
is practiced, would enhance their sports enjoyment. This may indirectly improve their active 
LTS.
PARENtAL moDERAtoRs
Since parents of children with ConHD may be anxious towards sports participation in their 
child14, 16, we assessed the moderating impact of parental mental health and parental social 
support regarding exercise on changes in child-reported HRQoL after participation in the 
exercise program.
Remarkably, parents in our sample reported a comparable or even a better mental health 
than parents from the general population. Other studies also reported this phenomenon17-20. 
This may be due to ‘response shift’21; parents with a chronically ill child may have different 
internal standards towards HRQoL compared with normative data (e.g. worrying less about 
futilities in life). This may have resulted in better mental health scores. 
Despite the favourable parental mental health outcomes in our sample, parental mental 
health did influence HRQoL changes in their children aged 10 – 15 in the exercise group, 
compared with those in the control group. Children and adolescents whose parents reported 
127
Chapter 7: General Discussion
worse overall mental health (more specifically, more anxiety/insomnia and more severe 
depression) reported a decrease as to social functioning after the exercise program. 
Previous studies into children with ConHD found that parental anxiety negatively influ-
enced physical activity participation in their ConHD child14, 16. Parental mental health and 
parental worries were strong predictors for children’s emotional adjustment22, 23. In addition, 
we now found that more parental mental health problems, especially anxiety and depres-
sion, may negatively influence the effects of an exercise program on social functioning in 
children with ConHD. 
In our study, parental social support towards exercise at baseline was not associated with 
changes in child-reported HRQoL after an exercise program. Previous association studies 
reported positive correlations between parental social support and child-reported HRQoL or 
health status24, 25. This discrepancy in findings may be explained by using different infor-
mants reporting on parental social support. Previous studies reported on parent-reported 
social support, whereas in our study we assessed child-reported social support. In addition, 
previous studies reported on overall parental social support, in our study we assessed paren-
tal social support regarding exercise specifically.
On the other hand, in our study, the lack of influence of baseline parental social support 
towards exercise may also be attributed to sampling bias. Parents who were already more 
supportive towards exercise may have motivated their children to participate in this RCT. 
Therefore, their baseline support for exercise may have been higher than that of other par-
ents of ConHD children. 
stRENgtHs AND LimitAtioNs
This study is the first randomized controlled trial in children, adolescents, and young adults 
with ConHD, using a standardized 12-week exercise program, a control group, and standard-
ized multi-informant assessment instruments. As to our total sample size, 93 (26%) eligible 
children and adolescents with ToF or a Fontan circulation participated in our RCT, of which 
70% is male. Though our sample size is larger than samples used in the few previous studies 
(n<52), it is still relatively small. This may be associated with increased type 2 errors. More-
over, sub-analyses for gender and cardiac diagnoses may have had a lack of power. Besides, 
our patients were motivated to participate in an exercise program. This may have positively 
influenced their baseline psychological assessment scores, which is reflected in their com-
parable or even better baseline scores compared with normative data. Due to this ceiling 
effect, it may have been difficult for children and adolescents to improve their questionnaire 
scores. Some effects were only found in children and adolescents with low baseline scores, 
e.g. as to self-reported motor functioning.
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Finally, a limitation was that a second longer-term follow-up was not feasible. We expect 
that a second follow-up might have unravelled sleeper-effects; i.e. long-term effects of 
the exercise program. Therefore we recommend that future research should include larger 
samples, and a second, longer-term follow-up assessment.
FutuRE REsEARCH
In our RCT, an exercise program influenced several domains of HRQoL and psychosocial 
functioning at short term. Since physical activity is important for physical health and HRQoL, 
essential questions arise, such as: 
1. How can we optimize participation in physical activity and exercise programs? 
2.  How can we attune an exercise program to the individual needs and preferences of chil-
dren and adolescents with ConHD? 
Several factors play a role in these questions, such as: where, how, by whom, and to whom 
should an exercise program be given. All these factors clearly warrant future research.
First, how can we optimize participation in physical activity and exercise programs. 
Arguments we frequently heard against participation in our RCT were logistic problems 
of the parents. Moreover, parents also argued that their children already spent a consider-
able amount of time on school and homework. Therefore, they thought that there was not 
enough time and energy left to participate in an exercise program. Underlying overprotec-
tiveness and anxiety among parents14 may perhaps have contributed to these arguments
We think it may be helpful to address realistic and unrealistic attitudes and beliefs of 
parents towards physical activity and an exercise program in their children. Psycho-educa-
tion for parents and patients regarding physical activity and an exercise program may solve 
unanswered questions and (unrealistic) fears and attitudes.
Then, as to the second question: how to attune an exercise program to the individual needs 
and preferences of children and adolescents with ConHD. We first consider where an exercise 
program should be given. In our multi-centre study, an exercise program was performed 
under supervision of a physiotherapist in local physiotherapy centres throughout the 
Netherlands. These centres were near-by the homes of the participants. We consider this as 
strength of our study. 
Secondly, the question how should an exercise program be given. We recommend devel-
oping more age-appropriate sports-interventions. In this thesis, in children with ConHD, the 
group-wise exercise program, along with other children with a disability or chronic disease, 
improved social functioning. However, in adolescents and young adults with ConHD, an 
exercise program only had an effect on anxiety for sports. Possibly, adolescents with ConHD 
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may not value an exercise program with only aerobic exercises under supervision of a 
physiotherapist as a fun leisure activity. Sports enjoyment and having fun in leisure activity 
are important links between participation and adherence in physical activity26. Therefore, an 
exercise program more tailored to their needs and with a more fun, age-attuned character, 
may improve the effect of an exercise program on sports enjoyment. For example: participa-
tion of a ‘best-friend’ into the exercise program, or comprising social elements such as danc-
ing into the exercise program. Possibly, including ‘game-like’ elements (e.g. with electronic, 
competitive scoring and reinforcements/rewards) may also contribute to a fun character 
of the exercise program. Such activities may improve their sports enjoyment and influence 
their participation in physical activity during leisure time. 
In addition, as to the question how can the content of the exercise program be opti-
mized? Our review into associations between physical outcomes and HRQoL outcomes in 
children and adolescents with ConHD also indicated an association between self-reported 
physical limitations and depressive symptoms. Depressive symptoms were also highly asso-
ciated with self-reported HRQoL. In the general population, a multicomponent intervention (a 
combination of an exercise program with a cognitive behavioural intervention) was effective 
changing physical activity levels in children and adolescents27. In children and adolescents 
with ConHD, such a multicomponent approach seems especially indicated, since anxieties 
and concerns (regarding sports) may be present in both adolescents and parents. Possibly, 
combining an exercise program with e.g. psycho-education, cognitive behavioural tech-
niques, or life style interventions, may also be more effective to change HRQoL and psycho-
social functioning.
Thirdly, by whom should an exercise program be given? Considering the different physical 
response to exercise between patients with various diagnoses of ConHD, a physiotherapist 
who is qualified in exercise in ConHD patients should supervise an exercise program. In our 
study, the same researcher visited all participating physiotherapists prior to the start of the 
program, and visited them thereafter when needed, to ensure standardized implementation 
of the exercise program. We consider this as strength of our study. 
Finally, to whom should an exercise program be given? Since participation in daily activity 
and sports commonly is developed during adolescence and may persist into adulthood28, it 
is important to stimulate all children and adolescents with ConHD to participate in physical 
activity and sports. Our exercise program had an effect particularly on children and adoles-
cents with worse baseline HRQoL. Therefore, exercise programs should be attuned especially 
to this risk group. Furthermore, parental mental health problems influenced the effect of 
the exercise program on HRQoL changes in children. Parental mental health should also be 
taken into account and targeted on in future research.
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CLiNiCAL imPLiCAtioNs
In general, as stated in the guidelines from the European Society of Cardiology29, it is recom-
mended for children and adolescents with ConHD to participate in physical activity, in order 
to improve cardiorespiratory fitness. Participation in physical activity is not only impor-
tant for physical health, but also for HRQoL30. As indicated by our findings, a standardized 
exercise program improved some HRQoL domains in children and young adolescents, aged 
10 – 15, with ToF or a Fontan circulation. Therefore, in line with Takken et al.29, we recom-
mend children and adolescents with ConHD to daily participate in 60 minutes or more of 
moderate-to-vigorous physical activity, e.g. recreation sports, active leisure time spending, 
or an exercise program.
 Although our exercise program did not change HRQoL or psychosocial functioning 
in adolescents and young adults 16 to 25 years, it remains important to motivate these 
youngsters to participate in physical activity and sports activities. This may have a beneficial 
influence on their future physical and mental health.
Since especially children and adolescents with low baseline HRQoL scores improved after 
an exercise program, these children and adolescents should be encouraged to engage in 
an exercise program programs to improve their HRQoL. To identify children with low HRQoL 
scores, we recommend integrating semi-structured questions regarding sports participation, 
anxiety for sports, and depressive symptoms during outpatients’ consultations. Patients (and 
their parents) should be asked, in a structured way, how often they participate in sports, in 
what kind of sport activities they participate, and if there are any concerns regarding sports 
participation? Since parental mental health may influence sports participation in their child, 
this factor should also be taken into account and targeted on in clinical practice. Clinicians 
should communicate and propagate physical activity information and knowledge with 
parents in a sensitive way. For parents with mental health problems, it is important that 
adequate help and, if needed, referral is arranged.
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In order to improve fitness and physical activity, youngsters with congenital heart disease 
(ConHD) are encouraged to participate in an exercise program1. The effects of an exercise 
program on behavioural and emotional functioning in these adolescents, however, are still 
unclear. 
Adolescents with ConHD are at an increased risk for behavioural and emotional problems 
and psychopathology. More specifically, they showed more internalizing problems (anxi-
ety/depression/withdrawn behaviour) compared with healthy peers2. An exercise program 
may contribute to reducing these problems, since physical activity may reduce anxiety and 
depression3. Only four non-randomized studies have been performed in ConHD youngsters, 
showing positive results of an exercise program on parent-reported emotional, behavioural, 
and physical functioning4-7. On self-reports, however, no significant effects were found. Un-
fortunately, these previous studies shared methodological problems: small sample sizes, low 
response rates, different intervention contents, no standardized assessment procedures, and 
no proper control-groups. 
To our knowledge, the present longitudinal, multicenter study is the first randomized 
controlled trial (RCT) into the effects of a standardized exercise program on behavioural and 
emotional problems. This RCT was performed in a relatively large sample of youngsters with 
either tetralogy of Fallot (ToF) or a Fontan circulation. We hypothesized that an exercise pro-
gram would improve the levels of behavioural and emotional problems in these adolescents.
This RCT was conducted to conform to the CONSORT guidelines. The research protocol 
was approved by the ethics-committee review boards of all 5 medical centres and complies 
with the 1975 Declaration of Helsinki. All enrolled patients signed an informed consent 
before participating. For details regarding methods (inclusion, randomization, and exercise 
program), see Dulfer et al.8.
Psychological assessment was completed at baseline and at 3-months follow-up. It con-
sisted of a semi-structured interview by phone (assessing biographical characteristics) and 
a web-based questionnaire measuring: behavioural and emotional problems (Child Behavior 
Checklist9 and Youth Self Report9) and anxiety for sports (Anxiety thermometer10, which was 
specifically designed for this study). The exercise program consisted of 3 training sessions, of 
1 hour per week, with group-wise dynamic aerobic training, such as brisk walking/jogging/
running/bicycle exercises and dynamic play. Participants were given a heart rate monitor 
and were instructed to perform their exercises within the given heart range; resting heart 
rate plus 60-70 % of their heart rate reserve.
Between January 2010 and August 2012, 362 eligible patients were contacted, of which 
93 (26%) finally participated8. Due to the age-range (10 to 17 years) of the questionnaires, 
our sample consisted of 71 participants (see Chapter 4, Figure 1). No differences between the 
exercise-group and control-group were found on demographical characteristics, on baseline 
emotional and behavioural problems, on baseline cardio-respiratory fitness, nor on baseline 
participation in sports activities (see Table 1). 
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The main finding of this RCT was that a 12-week standardized exercise program, overall, 
had no effect on emotional and behavioural problems in adolescents with ToF or a Fontan 
circulation (see Table 2). Our findings are in contrast with the more positive outcomes of the 
few smaller, non-randomized studies in the field4-7. The only previous intervention-study4 
neither found an effect of an exercise program on self-reports. However, in contrast with 
our study, parents reported a decrease in internalizing, withdrawn/depressed problems and 
somatic complaints in their ConHD child. This previous study, however, included only those 
adolescents who reported their physical fitness to be equal or poorer than healthy peers. 
Besides, these researchers enrolled varying diagnoses of ConHD, used voluntary controls, 
and analysed outcomes of two exercise programs together. Three other studies5-7, showing 
positive effects of an exercise program on emotional and behavioural domains, are difficult 
table 1: baseline demographic characteristics
  Exercise group n=42 Control group n=29
Demographic status
Age in years 14.0 (12.1 - 15.7) 14.9 (12.7 - 16.0)
Male 30 (71.4) 20 (69.0)
Congenital heart disease
Tetralogy of Fallot 20 (48) 14 (48)
Age at ToF operation 0.5 (0.3 -0.8) 0.7 (0.5 – 1.0)
Fontan circulation 22 (52) 15 (52)
Age at Fontan completion 2.9 (2.5 – 4.0) 3.0 (2.4 – 4.3)
Social economic status
Low (1) 5 (12) 3 (10)
Middle (2) 16 (38) 12 (42)
High (3) 20 (48) 13 (45)
 Missing 1 (2) 1 (3)
Cardio- respiratory fitness
PeakVO2 (% predicted)* 79.8 (16.0) 81.8 (18.7)
Peak load (Watt) 126.4 (44.5) 139.7 (46.5)
Peak heart rate (bpm) 169.5 (21.5) 176.5 (16.1)
VE/VCO2 slope 29.0 (5.3) 30.2 (7.4)
Participation in sports activities 
Never 4 (10) 3 (10)
1-4 hpw 26 (62) 15 (52)
>5 hpw 12 (29) 11 (38)
Demographic status and participation in sports activities: data are presented as number (percentage), age is presented as median (inter quartile 
range).
Cardio-respiratory fitness: data are presented as mean (standard deviation).
* n = 9 missing values due to unsuccessful cardiopulmonary exercise test (respiratory exchange ratio (RER) < 1.0.)
Hpw = hours per week, bpm = beats per minute.
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to compare with our study. Their exercise program was different; they used non-randomized 
control groups and completely different assessment moments. Besides, health status was 
assessed, and not specifically emotional and behavioural problems.
Surprisingly, in our study, the control-group improved on internalizing problems, whereas 
the exercise-group did not (see Table 2). Specifically, control-patients reported a pre-post im-
provement on withdrawn/depressive problems (p<.05, ES = .27), and their parents reported 
pre-post improvements on internalizing problems (p<.05, ES = .26) plus somatic complaints 
(p < .05, ES = .28). These remarkable improvements of the control group may be attributed 
mainly to results of the (especially older) girls (see Figure 1). In the general population, girls 
get less physically active when they enter adolescence, whereas boys do not. Girls in the 
control-group possibly felt relieved that they did not have to exercise. Besides, they may 
have obtained a feeling of “safety” and reassurance, receiving two physical and psychosocial 
examinations. This “special care and attention gave them the possibility to express their 
emotions, which is especially preferred by girls11. Possibly, this may have reduced internal-
izing problems.
As to anxiety for sports, no significant pre-post changes between the exercise-group and 
control-group were found. However, adolescents within the exercise-group reported less 
anxiety for sports at follow-up (t(40)=-2.37, p<.05, ES = .35), whereas adolescents within the 
control-group did not. 
Strength of our multi-centre study is that we used a relatively large sample, a random-
ized control-group, and a standardized exercise program. Despite these strengths, our RCT 
Figure 1: Change from baseline to follow-up in internalizing problems in exercise group and control 
group, split for gender
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overall showed few effects of an exercise program. This clearly indicates a need for future 
research. Another follow-up moment could unravel longer-term “sleeper” effects. Moreover, 
although adolescents in the exercise-group reported less anxiety for sports at follow-up, the 
exercise program may have been a burden in effort and time. Besides, girls in the exercise-
group possibly felt confronted with their physical limitations, especially since our sample 
had a baseline peak VO2 of 80% predicted (see Table 1). Presumably, the content, intensity, 
and duration of the exercise program were not sufficiently attuned to the needs and prefer-
ences of the adolescents; future research should focus on how to tailor an exercise program 
to individual needs.
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Summary
The aim of the present thesis was to investigate the effects of a standardized, 12-week 
exercise program on health related quality of life (HRQoL) and psychosocial functioning in 
children, adolescents, and young adults, aged 10 – 25 years, with tetralogy of Fallot (ToF) or 
with a Fontan circulation. In addition, the moderating influence of parental mental health 
and parental social support for exercise on pre-post changes in HRQoL was analysed. 
In chapter 1, the background of the present study was presented. During the last de-
cades, the prognosis of children with congenital heart disease (ConHD) has improved enor-
mously. However, a majority of children need cardiac surgery to survive, with the potential 
for residua and sequelae. Exercise capacity might be reduced, which may lead to an inactive 
lifestyle. An inactive lifestyle has been associated with the occurrence of cardiovascular 
disease, an increased risk of death, and a poorer HRQoL. Therefore, children, adolescents, 
and young adults with ConHD may benefit from an exercise program. Until now, only a few 
small, non-randomized studies indicated that participation in an exercise program improved 
physical outcomes, i.e. exercise capacity and physical activity in children and adolescents 
with ConHD. On the other hand, effects of an exercise program on HRQoL in children and 
adolescents with ConHD were generally not reported. Furthermore, associations between, 
on the one hand, physical fitness and exercise programs, and on the other hand, HRQoL and 
psychosocial functioning in children and adolescents with ConHD, also remained unclear. 
Therefore, we tried to confirm these positive findings in this randomized controlled trial 
conducted in 5 participating centres of paediatric cardiology in the Netherlands. We used a 
larger sample, standardized exercise training, and standardized internationally well-known 
instruments to assess HRQoL and psychosocial functioning. Overall, 93 patients, aged 10 – 
25, with surgical repair for tetralogy of Fallot or with a Fontan circulation for single-ventricle 
physiology were enrolled. They were randomly allocated, with a ratio of 2:1, to a) the exercise 
group, with a 12-week program, 3 times per week or b) the control group. Randomization 
was stratified by age, gender, and cardiac diagnosis. At baseline and follow-up after 12 
weeks, all participants completed web-based age-appropriate questionnaires regarding 
HRQoL and psychosocial functioning
In chapter 2, studies into associations between exercise capacity, physical activity, and 
psychosocial functioning in children with congenital heart disease were systematically 
reviewed. In most studies, exercise capacity was strongly associated with physical domains of 
quality of life (QoL). In contrast, exercise capacity was almost never associated with psycho-
social domains of QoL. Physical activity was rarely associated with physical or psychosocial 
domains of QoL. Remarkably, self-reported depressive symptoms were associated with 
both physical and psychosocial domains of QoL. As to the effect of an exercise program on 
QoL and psychosocial functioning, only four previous studies were published. These studies 
found promising results, however they shared methodological limitations. 
In chapter 3, the effects of an exercise program on health related quality of life in 
children, adolescents, and young adults aged 10 – 25 years, were investigated. HRQoL in 
148
children and adolescents, aged 10 -15, was assessed with the TNO/AZL Child Quality of Life 
Questionnaire Child Form and Parent Form, and with the Linear analogue scale. In adolescents 
and young adults, aged 16 – 25, HRQoL was assessed with the Congenital Heart Disease-TNO/
AZL Adult Quality of Life, and with the Linear analogue scale. In addition, in adolescents and 
young adults, health status was assessed with the SF-36 Health Survey. Compared with the 
control group, children aged 10 – 15 in the exercise group improved significantly on self-
reported cognitive functioning and parent-reported social functioning. Particularly, children 
in the exercise group with low baseline HRQoL scores reported improvements in both cogni-
tive and motor functioning, whereas those in the control group did not. Youngsters, aged 16 
to 25, did not change on HRQoL. Cardiac diagnosis had no influence on pre-post changes in 
HRQoL. Compared with normative data, our sample reported comparable or better HRQoL at 
baseline.
In chapter 4, the effects of an exercise program on emotional and behavioural problems 
(Child Behaviour Checklist and Youth Self Report) and anxiety for sports (Anxiety thermom-
eter) were assessed in children and adolescents aged 10 – 17 years. Overall, a standardized 
exercise program had no effect on psychological problems. From pre-to post assessment, 
adolescents within the exercise group reported a pre-post decrease in anxiety for sports, 
whereas those within the control group did not. Remarkably, adolescents (especially older 
girls) in the control group and their parents reported improvements as to internalizing prob-
lems. Possibly, two medical and psychological examinations may have given them a feeling 
of ‘safety’ and reassurance. These contact moments, together with the knowledge that they 
did not have to exercise three times a week, might have relieved them and made them feel 
less anxious and depressed. Cardiac diagnosis did not influence the results. Compared with 
normative data, at follow-up our patients and their parents obtained on almost all scales 
comparable or better scores. 
In chapter 5, the effects of an exercise program on sports enjoyment (Groningen Enjoy-
ment Questionnaire) and leisure time spending (Rotterdam Leisure-time Spending Ques-
tionnaire) in children and youngsters aged 10 – 25 were assessed. We also identified the 
moderating influence of their baseline health behaviour (Rotterdam Health Behaviour 
Questionnaire) and disease knowledge (based on Leuven Knowledge Questionnaire for Con-
genital Heart Disease). At follow-up, the exercise group showed a decrease in passive leisure 
time spending (watching television and computer usage), compared with controls. On the 
other hand, an exercise program had no effect on sports enjoyment or on active leisure time 
spending (sports activities, walking, and cycling). Our sample obtained leisure time spend-
ing scores comparable to normative data. 
Baseline disease knowledge had a moderating influence on pre-post changes in sports 
enjoyment. Patients in the exercise group who had knowledge about endocarditis reported 
more pre-post change in sports enjoyment. Health behaviour (i.e. smoking and drinking 
alcohol), knowledge about the name of their ConHD did not influence pre-post change 
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in sports enjoyment nor on leisure time spending. Possibly, this lack of influence could be 
explained by the low frequencies as to drinking alcohol and smoking in our sample. 
In chapter 6, the moderating influence of parental mental health (General Health Ques-
tionnaire-28) and parental social support towards exercise (Social Support for Diet and Exer-
cise) on pre-post changes in HRQoL in patients, aged 10 – 15, with ConHD were investigated. 
Compared with controls, adolescents in the exercise group reported a pre-post decrease 
in social functioning when their parents reported more mental health problems for them-
selves, and, more specifically, more parental anxiety/insomnia or severe depression. 
Parents in our sample reported comparable or even better mental health for themselves, 
compared with normative data. Since parental anxiety may hamper participation in physi-
cal activity in children with ConHD, this factor should be taken into account and targeted 
on in clinical practice. Clinicians should communicate and propagate physical activity with 
depressed or anxious parents in a sensitive way. For parents with mental health problems, it 
is important that adequate help and, if needed, referral is arranged.
Finally, in chapter 7, the main findings and conclusions of this PhD thesis were discussed. 
Overall, a 12-week standardized exercise program improved self-reported cognitive func-
tioning, and parent-reported social functioning. Furthermore, it resulted in a decrease in 
passive leisure time spending. In contrast, it had no effect on emotional and behavioural 
problems, on sports enjoyment, or on active leisure time spending. Parental mental health 
moderated changes in social functioning: adolescents in the exercise group whose parents’ 
overall mental health was worse, reported a pre-post decrease in social functioning, com-
pared with controls. 
This study was the first randomized controlled trial in children, adolescents, and young 
adults with ConHD, using a standardized 12-week exercise program, a control group, and 
standardized multi-informant assessment instruments. As to limitations, though our sample 
was relatively large for this field of research, for analyses the sample was still relatively small, 
which may be associated with an increased type 2 error. Sub analyses regarding gender 
and cardiac diagnosis may have had a lack of power. Besides, our sample was motivated to 
participate in an exercise program, which may have positively influenced their baseline psy-
chological scores. Moreover, a second longer-term follow-up was not feasible. Possibly, such 
a longer-term second follow-up might have unravelled sleeper effects.
Future research should in our opinion focus on the themes: how to optimize participa-
tion in physical activity and exercise programs, and how to tailor an exercise program to the 
individual needs and preferences of children, adolescents, and young adults with ConHD. 
Research questions to be answered are: where should an exercise program be given, how 
should it be given, what should be the content, by whom should it be given, and to whom 
should it be given. Effects of an exercise program may be improved by participation of a 
‘best-friend’, or by comprising social elements such as dancing. Possibly, including ‘game-like’ 
elements (e.g. with electronic, competitive scoring and reinforcements/rewards) may also 
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contribute to its fun character. Besides, combining an exercise program with e.g. psycho-
education, cognitive behavioural techniques, or life style interventions, may also be more 
effective to change HRQoL and psychosocial functioning.
Clinical implications for medical practice. In line with previous recommendations, 
children and adolescents with ConHD should participate in 60 minutes or more per day of 
moderate-to-vigorous physical activity, e.g. recreation sports, active leisure time spending, 
or an exercise program. Since our RTC showed that especially children and adolescents with 
low baseline HRQoL scores improved after an exercise program, particularly these patients 
should be encouraged to engage in an exercise program to improve their HRQoL. To identify 
children with low HRQoL scores, we recommend integrating semi-structured questions 
regarding sports participation, anxiety for sports, and depressive symptoms in outpatients’ 
consultations.
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Samenvatting
Het doel van dit proefschrift was het onderzoeken van de effecten van een gestandaardi-
seerd, 12-weken durend inspanningstrainingsprogramma op de gezondheidsgerelateerde 
kwaliteit van leven (G-KvL) en het psychosociaal functioneren van kinderen, tieners en jong-
volwassenen (leeftijd 10 tot 25 jaar) met een tetralogie van Fallot (ToF) of met een Fontan 
circulatie. Daarnaast werd de modererende invloed van ouderlijke mentale gezondheid en 
ouderlijke sociale steun voor sport op veranderingen in G-KvL onderzocht. 
In hoofdstuk 1 werd de achtergrond van het huidige onderzoek beschreven. Gedurende 
de laatste decennia zijn de overlevingskansen voor kinderen met een aangeboren hartafwij-
king enorm toegenomen. De meerderheid van deze kinderen moet echter een hartoperatie 
ondergaan om te kunnen overleven. Deze kinderen houden hier mogelijk beperkingen en 
restverschijnselen aan over, zoals een verminderd inspanningsvermogen. Dit kan weer lei-
den tot een inactieve levensstijl. Er is een verband tussen een inactieve levensstijl en het ont-
staan van hart en vaatziekten, een verhoogd risico op overlijden, en een lagere kwaliteit van 
leven. Om een meer actieve levensstijl te bevorderen kan het helpen om kinderen, tieners en 
jongvolwassenen deel te laten nemen aan een inspanningstrainingsprogramma. Tot nu toe 
zijn er slechts een paar kleine, niet-gerandomiseerde studies in kinderen en tieners met een 
aangeboren hartafwijking uitgevoerd. Deze studies lieten zien dat fysieke uitkomsten (zoals 
inspanningsvermogen en dagelijkse fysieke activiteit) verbeterden na deelname aan een in-
spanningstrainingsprogramma. Echter, de invloed van een inspanningstrainingsprogramma 
op de G-KvL van deze kinderen en tieners met een aangeboren hartafwijking werd over het 
algemeen niet gerapporteerd. Daarnaast zijn de relaties tussen enerzijds lichamelijke condi-
tie en inspanningstraining, en anderzijds G-KvL en psychosociaal functioneren, ook nog niet 
duidelijk in kaart gebracht. Daarom hebben wij geprobeerd om de positieve uitkomsten van 
eerdere studies te bevestigen in dit gerandomiseerd gecontroleerd onderzoek dat plaats 
vond op kindercardiologische afdelingen van vijf deelnemende universitair medische centra 
in Nederland. Dit onderzoek werd uitgevoerd bij een grote steekproef, en er werden een 
gestandaardiseerde inspanningstrainingsprogramma en gestandaardiseerde, internationaal 
bekende instrumenten om G-KvL en psychosociaal functioneren te meten gebruikt.
Aan het onderzoek deden 93 patiënten (in de leeftijd van 10 tot 25 jaar) mee die een 
chirurgische ingreep voor ToF of een Fontan procedure voor een éénkamerhart fysiologie 
hadden ondergaan. Deze patiënten werden gerandomiseerd toegewezen aan a) de trai-
ningsgroep die 12 weken lang, 3 keer per week ging sporten, of b) de controlegroep. De 
toewijzing gebeurde met een verhouding van respectievelijk 2:1. De randomisatie werd 
gestratificeerd uitgevoerd aan de hand van leeftijd, geslacht en type hartafwijking. Bij de 
voormeting en bij de vervolgmeting na 12 weken werd aan alle deelnemers gevraagd om, 
via internet, leeftijdsspecifieke vragenlijsten in te vullen over hun G-KvL en psychosociaal 
functioneren. 
In hoofdstuk 2 werden de eerdere studies die associaties beschreven tussen inspan-
ningsvermogen, fysieke activiteit, en psychosociaal functioneren van kinderen met een 
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aangeboren hartafwijking, systematisch beschreven. Bij de meeste studies was inspannings-
vermogen sterk geassocieerd met fysieke domeinen van kwaliteit van leven. Inspanningsver-
mogen was daarentegen bijna nooit geassocieerd met psychosociale domeinen van kwaliteit 
van leven. Fysieke activiteit was zelden geassocieerd met zowel fysieke als psychosociale 
domeinen van kwaliteit van leven. Opmerkelijk was dat zelf gerapporteerde depressieve 
symptomen zowel met fysieke als met psychosociale domeinen van kwaliteit van leven 
geassocieerd waren. Slechts vier gepubliceerde studies onderzochten het effect van een 
inspanningstrainingsprogramma op kwaliteit van leven en psychosociaal functioneren. Deze 
studies lieten veelbelovende resultaten zien, echter ze hadden methodologische beperkin-
gen. 
In hoofdstuk 3 werden de effecten van inspanningstraining op de G-KvL van kinderen, 
tieners en jongvolwassenen (in de leeftijd van 10 tot 25 jaar) beschreven. G-KvL van kinderen 
en tieners in de leeftijd van 10 tot 15, werd gemeten met de TNO/AZL Child Quality of Life 
Questionnaire, met de kind- en ouderversie. Daarnaast werd ook de Linear analogue scale 
afgenomen. G-KvL van tieners en jongvolwassenen in de leeftijd van 16 tot 25 jaar, werd 
gemeten met de Congenital Heart Disease-TNO/AZL Adult Quality of Life. Daarnaast vulden zij 
ook de Linear analogue scale en de SF-36 Health Survey in. 
Vergeleken met jongeren in de controlegroep, gaven de jongeren , tussen de 10 en 15 
jaar, in de trainingsgroep aan dat hun cognitief functioneren was verbeterd na inspan-
ningstraining. Hun ouders gaven aan dat de jongeren verbeterd waren op sociaal functio-
neren. Met name jongeren in de trainingsgroep die op de voormeting een lage G-KvL score 
behaalden, rapporteerden een verbetering op zowel cognitief als op motorisch functione-
ren. Jongeren in de controlegroep die op de voormeting een lage G-KvL score behaalden, 
verbeterden niet op deze schalen. Jongeren tussen de 16 en 25 jaar gaven geen verandering 
aan in hun G-KvL. Het type hartafwijking had geen invloed op de verandering in G-KvL. Onze 
steekproef rapporteerde een vergelijkbare, of zelfs een betere G-KvL in vergelijking met 
norm data. 
In hoofdstuk 4 werden de effecten beschreven van inspanningstraining op emotionele 
en gedragsproblemen (Child Behavior Checklist en Youth Self-Report), en op angst voor spor-
ten (Angst thermometer) bij kinderen en tieners in de leeftijd van 10 tot 17. De gestandaardi-
seerde inspanningstraining had geen effect op psychologische problemen. Echter, de tieners 
binnen de trainingsgroep lieten wel een afname zien in angst voor sporten, terwijl de tieners 
binnen de controlegroep geen verbetering lieten zien. Het was opmerkelijk dat tieners (en 
dan met name de oudere meisjes), én hun ouders, in de controlegroep een verbetering 
lieten zien wat betreft internaliserende problemen. Mogelijk hebben de twee uitgebreide 
medische en psychologische onderzoeken hen een gevoel van veiligheid en geruststelling 
gegeven. Deze contactmomenten, gecombineerd met de kennis dat ze niet drie keer per 
week hoefden te gaan sporten, kunnen voor hen een opluchting geweest zijn en hebben er 
mogelijk voor gezorgd dat ze zich minder angstig en depressief voelden. Het type hartaf-
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wijking had geen invloed op de resultaten. De deelnemers en hun ouders rapporteerden 
op alle schalen van de vragenlijsten vergelijkbare of betere scores in vergelijking met norm 
data.
In hoofdstuk 5 werden de effecten van inspanningstraining op plezier in bewegen 
(Groningen Enjoyment Questionnaire) en op vrijetijdsbesteding (Rotterdam Leisure-time 
Spending Questionnaire) bij kinderen en jongeren (leeftijd 10 – 25 jaar) beschreven. We 
onderzochten ook de modererende invloed van hun gezondheidsgedrag (Rotterdam Health 
Behaviour Questionnaire) en hun kennis over hun ziekte (gebaseerd op Leuven Knowledge 
Questionnaire for Congenital Heart Disease), beide gemeten bij de voormeting. Vergeleken 
met jongeren in de controlegroep, besteedden de jongeren in de trainingsgroep, na inspan-
ningstraining, minder tijd aan passieve vrijetijdsbesteding (televisie kijken en computer 
gebruik). Inspanningstraining, daarentegen, had geen effect op plezier in bewegen en op ac-
tieve vrijetijdsbesteding (sportactiviteiten, wandelen en fietsen). Onze steekproef behaalde 
vergelijkbare vrijetijdsbesteding scores als normatieve gegevens. 
Kennis van de ziekte, gemeten bij de voormeting, had een modererende invloed op de 
veranderingen in plezier in bewegen. Patiënten in de trainingsgroep die wisten wat endo-
carditis inhoudt, rapporteerden meer verandering in plezier in bewegen dan diegene die dat 
niet wisten. Gezondheidsgedrag (o.a. roken en alcohol gebruik) en het weten van de naam 
van hun aangeboren hartafwijking hadden geen invloed op veranderingen in plezier in 
bewegen, noch op vrijetijdsbesteding. Het is mogelijk dat dit gebrek aan invloed mede ver-
klaard kan worden door de lage frequentie van alcohol gebruik en roken in onze steekproef.
In hoofdstuk 6 werd de modererende invloed beschreven van ouderlijke mentale ge-
zondheid (General Health Questionnaire-28) en ouderlijke sociale steun voor sport (Social 
Support for Diet and Exercise) op veranderingen in G-KvL van kinderen en tieners met een 
aangeboren hartafwijking (leeftijd 10 tot 15 jaar). Vergeleken met de controlegroep, rap-
porteerde de trainingsgroep een achteruitgang in hun sociaal functioneren als hun ouders 
voor zichzelf meer mentale gezondheidsproblemen rapporteerden, en specifieker gezegd: 
als hun ouders meer angst/slapenloosheid of zware depressieve gevoelens voor zichzelf 
rapporteerden. 
Ouders in onze steekproef rapporteerden vergelijkbare of zelf minder mentale pro-
blemen voor zichzelf vergeleken met normatieve gegevens. Omdat ouderlijke angst een 
negatief effect kan hebben op deelname aan fysieke activiteiten van jongeren met een aan-
geboren hartafwijking, moet hier mee rekening worden gehouden in de klinische praktijk. 
Clinici zouden met angstige of depressieve ouders op een sensitieve manier fysieke activiteit 
moeten bespreken en aanmoedigen. Voor ouders met mentale gezondheidsproblemen is 
het belangrijk dat adequate hulp, en zo nodig, doorverwijzing wordt geregeld. 
Tenslotte werden in hoofdstuk 7 de belangrijkste uitkomsten en conclusies van deze 
PhD thesis besproken. Over het algemeen kan geconcludeerd worden dat jongeren na een 
inspanningstraining-programma een verbetering lieten zien op hun zelf gerapporteerd 
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cognitief functioneren, en hun ouders rapporteerden een verbetering van het sociaal functi-
oneren van de jongeren. Daarnaast lieten de jongeren in de trainingsgroep een afname zien 
in hun passieve vrijetijdsbesteding. Inspanningstraining had daarentegen geen effect op 
emotionele en gedragsproblemen, plezier in bewegen, noch op actieve vrijetijdsbesteding. 
Ouderlijke mentale gezondheid beïnvloedde veranderingen in sociaal functioneren van de 
jongeren in de trainingsgroep. Vergeleken met jongeren in de controlegroep, rapporteerden 
jongeren in de trainingsgroep van wie de ouders een slechtere mentale gezondheid rappor-
teerden, een afname van hun sociaal functioneren na het inspanningstraining. 
Deze thesis beschrijft het eerste gerandomiseerd gecontroleerde onderzoek bij kinderen, 
tieners en jongvolwassenen met een aangeboren hartafwijking. In dit onderzoek werd ge-
bruik gemaakt van gestandaardiseerde, 12-weekse inspanningstraining, een controlegroep 
en gestandaardiseerde meetinstrumenten met meerdere informanten. Alhoewel onze steek-
proef relatief groot was voor dit onderzoeksgebied, was deze relatief klein om te statistische 
analyses uit te voeren. Hierdoor kan de kans op een type 2 fout zijn toegenomen. Subana-
lyses voor geslacht en type hartafwijking hebben daarom mogelijk een gebrek aan power 
gehad. Daarnaast was onze steekproef gemotiveerd om deel te nemen aan inspannings-
training. Dit heeft mogelijk de psychologische scores op de voormeting positief beïnvloed. 
Verder was een tweede, langere termijn follow-up niet haalbaar. Een langere follow-up zou 
eventuele ‘sleeper’ effecten hebben kunnen ontrafelen. 
Toekomstig onderzoek zou zich in onze optiek moeten richten op de volgende thema’s: 
hoe kan de deelname aan fysieke activiteit en inspanningstraining verhoogd worden, en 
hoe kan inspanningstraining afgestemd worden op de individuele behoeften en wensen van 
kinderen, tieners en jongvolwassenen met een aangeboren hartafwijking. Onderzoeksvra-
gen die hiervoor beantwoord moeten worden zijn: waar zou inspanningstraining gegeven 
moeten worden, hoe zou deze gegeven moeten worden, wat zou de inhoud moeten zijn, 
door wie zou deze gegeven moeten worden, en aan wie zou deze gegeven moeten worden. 
Het effect van inspanningstraining zou vergroot kunnen worden door de deelname van een 
beste vriend of vriendin, of door meer sociale elementen aan het programma toe te voegen 
(zoals dans). Mogelijk kan het toevoegen van game-achtige elementen (bijvoorbeeld com-
petitieve elementen door elektronisch scoren en belonen) ook bijdragen aan een leuker ‘fun’ 
karakter van het programma. Daarnaast kan het combineren van inspanningstraining met 
bijvoorbeeld psycho-educatie, cognitieve gedragstherapie, of levensstijl-interventies ook 
effectiever zijn om G-KvL en het psychosociaal functioneren te verbeteren. 
Klinische implicaties voor de medische praktijk. Overeenkomstig de huidige aanbevelingen 
raden wij kinderen en tieners met een aangeboren hartafwijking aan om dagelijks 60 minu-
ten deel te nemen aan matige tot intensieve fysieke activiteit, bijvoorbeeld in recreatiesport, 
actieve vrijetijdsbesteding, of inspanningstraining. Omdat in ons onderzoek vooral kinderen 
en tieners met een lage G-KvL verbeterden na inspanningstrainingen, bevelen we aan dat 
vooral deze patiënten zouden moeten worden aangemoedigd om deel te nemen aan in-
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spanningstraining. Om deze kinderen en tieners te kunnen identificeren, bevelen we aan om 
tijdens poliklinische consulten semigestructureerde vragen te stellen over sportdeelname, 
angst voor sporten, en depressieve symptomen.
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Allereerst en boven alles wil ik alle kinderen en hun ouders bedanken die meegedaan heb-
ben aan dit onderzoek. Zonder jullie had dit proefschrift niet tot stand kunnen komen. Ik 
realiseer me dat het een hele opgave is geweest om, naast het drukke dagelijks leven, ook 
nog drie keer in de week een uur lang te gaan sporten. Dit doen veel kinderen jullie niet na! 
Promoveren is topsport; promoveren vergt vaardigheid, kracht en inzicht, zoals ook in de 
definitie van sport beschreven. De wetenschap zou moeten zijn als een sportcompetitie; het 
primaire doel van een sportcompetitie is om volgens de regels te winnen, en niet om esthe-
tische, artistieke of financiële redenen. 
In sport is er als eerste natuurlijk het doel (letterlijk of figuurlijk). Dit doel moet bereikt 
worden binnen een vooraf bepaald tijdsbestek. In deze tijd moet je, soms individueel soms 
in teamverband, het beste uit jezelf halen. Om het doel te bereiken train je gedurende het 
seizoen je vaardigheden, begeleid door een trainer. Tijdens een wedstrijd word je onder-
steund door een coach en aangemoedigd door het publiek, waarbij de scheidsrechter in de 
gaten houdt of je je wel aan de spelregels houdt. Tenslotte word je in voor- en tegenspoed 
gedurende het sportseizoen bijgestaan door je geliefden. 
 “Keep your dreams alive. Understand to achieve anything requires faith and belief in yourself, vi-
sion, hard work, determination, and dedication. Remember all things are possible for those who 
believe.”   Gail Devers (1966) former three-time Olympic champion in track and field
De trainer. Mijn trainer gedurende dit sportseizoen: mijn mede-promotor Dr. E.M.W.J. Utens. 
Lisbeth, je bent een trainer die zelf helemaal niets met sport heeft, maar het wel heel 
belangrijk vindt voor je hartekindjes. Daarom zet jij altijd je haar schouders er stevig onder, 
dè snapt unnen boer mee éénen errem nog wel. Lisbeth, je hebt me op alle mogelijke manie-
ren bijgestaan gedurende dit sportseizoen. Gaandeweg het seizoen gaf je me steeds meer 
vertrouwen, zodat ik zelfstandig te werk kon gaan. Dank voor al je begeleiding en eindeloze 
vertrouwen in mij.
De coaches. Mijn dank gaat uit naar mijn promotoren Prof. dr. F.C. Verhulst en Prof. dr. W.A. 
Helbing. Beste Frank, dank voor je ondersteuning en het delen van je kennis in de afgelopen 
jaren. Beste Wim, dank dat ik deel mocht nemen aan deze multicenter studie. Ook dank voor 
je begeleiding de afgelopen jaren, ik heb veel geleerd van je expertise betreffende aangebo-
ren hartafwijkingen.
De scheidsrechters. Graag wil ik alle leden van mijn kleine commissie bedanken. Prof. dr. F. 
Verheij en Prof. dr. H.J. Stam bedankt voor het lezen van mijn manuscript, het plaatsnemen 
in de kleine commissie en het deelnemen aan deze mooie dag. Prof. dr. J.W. Roos-Hesselink, 
bedankt voor het lezen van het manuscript en het plaatsnemen in de kleine commissie.
Ik wil ook graag de leden van de grote commissie, Prof. dr. M.A. Grootenhuis, Prof. dr. P. 
Moons, Prof. dr. A.J.J.C. Bogers en Dr. R.T. van Domburg bedanken voor het plaatsnemen in 
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de grote commissie en voor het deelnemen aan deze mooie dag. Ron, bedankt voor alle 
statistische hulp en de prettig samenwerking de afgelopen jaren.
“Ask not what your teammates can do for you. Ask what you can do for your teammates.”                  
Earvin “Magic” Johnson (1959) basketball player 
De teamleden. Mijn meest directe teamlid Nienke. Meer dan vier jaar lang hebben we in-
tensief samengewerkt. Vanaf het begin was het duidelijk dat we allebei al ervaren (hockey) 
teamspelers waren. Alhoewel ons onderzoek niet altijd verliep zoals we gehoopt hadden, 
zetten we toch steeds weer gezamenlijk onze schouders er onder. Zonder jouw inzet in 
de kliniek zou mijn proefschrift er niet zijn geweest, heel veel dank daarvoor. En als echte 
teamspeler sta jij, tijdens de promotie plechtigheid, als middenvelder achter mij, terwijl ik als 
diepe spits de punten zal proberen te maken. Dank dat je mijn paranimf wilt zijn!
Sjoerd, ook jij bedankt voor je bijdrage aan mijn proefschrift. Een aantal deelnemers dat 
deelnam aan mijn onderzoek hebben ook meegedaan aan jouw onderzoek. Daarnaast blijkt 
dat ook wij goede teamgenoten zijn, nu we samen een artikel aan het schrijven zijn. Dank 
voor je samenwerking en humor!
Dan mijn overige teamleden. Mijn dank gaat uit naar Dr. H.J.G. Van den Berg-Emons, die 
aan de wieg stond van dit onderzoek. Daarnaast wil ik alle kindercardiologen, congenitaal 
cardiologen, secretaresses, polimedewerkers, echocardiografisten, radiologen, radiologische 
laboranten in alle vijf deelnemende universitaire centra bedanken voor hun waardevolle 
bijdrage aan de dataverzameling van dit onderzoek. Nog een aantal in het bijzonder, Prof.
dr.M.T.E. Hopman, Prof.Dr.L. Kapusta, Dr.I.M. Kuipers, Dr.T. Takken, Drs.G.G. van Iperen, Prof.
dr.N.A. Blom, Drs.C.A. Blank, Dr.A.P.J. van Dijk, Dr.M. Schokking, en Dr. A.D.J. ten Harkel. 
Bedankt voor jullie bijdrage aan de TOFFIT onderzoeksgroep en voor jullie aanvullingen op 
de geschreven artikelen. Ook dank aan onze researchnurses Merel en Ingrid, en studenten 
Saron en Angela; bedankt voor jullie onmisbare hulp bij de data invoer en het plannen van 
de deelnemers. 
Daarnaast wil ik ook graag alle deelnemende fysiotherapeuten bedanken. In het bijzon-
der Elles Kotte; bedankt voor het helpen opzetten van het trainingsprotocol, het aansturen 
van de  Fitkids fysiotherapeuten en voor het randomiseren van onze deelnemers. Suzanne 
den Boer, jij bedankt voor het mede randomiseren van onze deelnemers.
“Winning isn’t everything, but wanting to win is.”  Vince Lombardi (1913 – 1970) football player 
and coach.
Het publiek. Mijn collega’s  van de Kinder- en Jeugdpsychiatrie/psychologie. Anneke, Wil-
lem, Jorieke, Linda D., Gerbrich, Hannan, Mark Patrick, Johanna, Lisette, Floor v. O., Floor B., 
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Geerte, Susanne, Jasmijn, Vandhana, Kirsten, Tonya, Henning, Nita, Nikita, Linda B. Juliette 
H., Mart, Laureen, Mireille, Andrine, Hélene, Jan (en alle andere die ik vergeet op te noe-
men) dank voor de interessante discussies tijdens de research meetings en voor de gezellige 
momenten op de afdeling; deze maakten de afgelopen tijd op de afdeling een waar feestje. 
Willem, als schaduwspits zal je deel uitmaken van mijn team tijdens de plechtigheid, dank 
dat je mijn paranimf wilt zijn. Laureen samen met je mooie gezin, dank voor al jullie steun en 
de gezellige etentjes de afgelopen tijd.  Jan, dank voor je statistische hulp de afgelopen tijd.
Dan al mijn collega’s, verspreid door het gehele kinderziekenhuis, van de pediatrische 
psychologie. Wat goed dat we de afgelopen tijd door ons gezamenlijke research overleg een 
kijkje in elkaars keuken hebben kunnen nemen. Als psycholoog onderzoeker op medische 
afdelingen zijn we een belangrijke schakel tussen de Kinder- en Jeugdpsychiatrie/psycholo-
gie en de medische afdelingen.  
Mijn tijd als onderzoeker is begonnen op de polikliniek van de Kinder- en Jeugdpsychiat-
rie/psychologie. Door mijn kamergenoten Monique en Sonja voelde ik me gelijk welkom op 
de afdeling, dank daarvoor! Iris, jij ook bedankt voor je gezelligheid tijdens onze tijd samen 
als roomies. Kelly, dank voor je inzet tijdens je master-scriptie, het was heel prettig samen-
werken met je. Daarnaast wil ik alle psychologen en psychiaters van de afdeling bedanken 
voor hun interesse en gezelligheid gedurende mijn tijd op de polikliniek. 
Tenslotte, mijn mede quality of life onderzoekers, Eveline, Suzanne, Petra, Lennart, John, 
Titia. Goed te zien dat medici het belang van onderzoek naar kwaliteit van leven voor hun 
patiënten onderschrijven. Altijd weer een mooie discussie over de relaties tussen medische 
uitkomsten en kwaliteit van leven. Regarding quality of life research, I would gratefully ex-
press thanks to Prof. dr. A. Quittner, for her helpfully comment on our review. 
Sports creates a bond between contemporaries that lasts a lifetime. It also gives your life struc-
ture, discipline and a genuine, sincere, pure fulfillment that few other areas of endeavor provide.” 
Bob Cousy (1928) basketball player
Door sporten heb ik vriendschappen voor het leven gekregen. Alle teamgenootjes van 
het kampioenen ‘wicked’ team van Victoria, wat goed dat we elkaar nog regelmatig zien. 
Daarnaast, mijn andere kampioenen team van Leonidas. Ook wij zien elkaar regelmatig, hoe 
goed om te zien dat, ondanks de verschillende wegen die we ingeslagen zijn, we toch regel-
matig proberen tijd voor elkaar te maken. En na mijn blessure weer nieuwe sporten ontdekt, 
samen met mijn buurvrouwen. 
Nicole, eerst tegenstanders later teamgenootjes en BFF’s. Dank voor je eindeloze opti-
misme, steun, en humor. Van een periode met veel sporten en feesten, nu allebei een gezin 
in Bleiswijk, wie had dat ooit gedacht.
Mijn studiegenootjes Kim O. en Ruben. Kim, al tijdens de studie bleek dat wij erg goede 
teamgenoten zijn.  Voor ons allebei de tweede studie, we houden van aanpakken! Dank voor 
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de mooie vriendschap die we hebben opgebouwd, ik zal haar koesteren. Ruben, al tijdens 
de studie een onvoorwaardelijke vriendschap. Speciale dank voor je hulp bij het maken van 
de online vragenlijsten (en voor al die keren dat je me verhuisd hebt). Jij bent alles wat een 
goede vriend moet zijn. Als ik je hulp nodig heb, ben je er voor me. Dit is geheel wederzijds!
Natasja, al vrienden vanaf de middelbare school. Samen veel mooie en verdrietige mo-
menten meegemaakt.  Dank voor je interesse in mijn onderzoek de laatste jaren. Een vriend-
schap voor het leven! Over vriendschap voor het leven gesproken, Kim H. Door de vriend-
schap tussen onze dochters hebben we ook een mooie vriendschap opgebouwd. Dank voor 
alle koffiemomenten in Doppio en het Sophia en de gezellige middagen in Nieuw-Terbreg-
ge. Hopelijk komen jullie snel weer terug naar Nederland na jullie avontuur in Boston.
‘Simpel is het moeilijkst’ Johan  Cruijff (1947) voormalig profvoetballer en voetbalcoach
Geliefden. Al mijn lieve familie leden, bedankt voor jullie interesse in de afgelopen jaren.  
Femke, jij speciale dank voor het ontwerpen van de voorkant van dit boekje. Wat is hij mooi 
geworden. 
Mijn overzeese familie. Donny en Tony, bedankt voor jullie geweldige zoon! Daarnaast 
ook dank voor de culturele verrijking van mijn leven. Spera na mira abo pronto. 
Josino, Fatima e seus filhas e filhos, dank voor jullie gezelligheid de afgelopen jaren. 
Espero que possamos passar muito tempo juntos em Cabo Verde. 
Mijn ouders, Jaap en Marianne, ik kan niet op papier uitdrukken hoe dankbaar ik ben voor 
de opvoeding die jullie me hebben gegeven. Kosten noch moeite werden gespaard om mij, 
en mijn broer, het best mogelijke uit het leven te laten halen. Een leven waarin we ook het 
vertrouwen kregen om onze eigen keuzes te maken. Door jullie voorbeeld heb ik kostbare 
eigenschappen, zoals eerlijkheid, doorzettingsvermogen en humor meegekregen. Ik hoop 
dat we met zijn allen nog veel mooie momenten mogen beleven.
Mijn broer, Eelco en zijn vrouw Karlijn. Eelco, dank voor het simpele feit dat je drie jaar 
ouder bent (en dan ook nog een jongen). Uit verhalen heb ik begrepen dat mij dit altijd 
heeft gemotiveerd om alles net zo goed, of het liefst nog iets beter, dan jij te kunnen. Ik denk 
dat daardoor mijn doorzettingsvermogen gevormd is. Gelukkig trok en trek jij je daar niets 
van aan. Ik ben intens blij dat het leven zich uiteindelijk van zijn zonnige kant heeft laten 
zien. Geniet van je vrouw en mooie kinderen, Noah en Amélie.
Lieve, mooie, nieuwsgierige, temperamentvolle, sportieve kinderen van me. Zara, Luna en 
Núria. Dank jullie wel dat jullie zorgen voor afleiding na een dag hard werken. Wat is het 
geweldig om te zien dat jullie allemaal jullie eigen, unieke karakter hebben. Ook al botst het 
af en toe soms best aardig, puntje bij paaltje zorgen jullie goed voor elkaar. Ik hoop dat jullie 
altijd het beste uit je zelf zullen proberen te halen, laat niemand je ooit zeggen dat je iets 
niet kunt. Proberen kun je altijd! 
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The best for last; mi dushi Eusebio. Door jouw onvoorwaardelijke steun en liefde heb ik 
dit alles kunnen bereiken. Dank voor het mooie gezin dat we samen hebben, dank voor je 
eeuwige vertrouwen in mij, en dank dat je de ellendige winters in Nederland voor me door-
staat. Hoeveel ik van je hou? Je ziet het begin, maar niet het einde….

Curriculum Vitae

171
Curriculum Vitae
Karolijn Dulfer was born on 6th of June, 1978 in Nieuwe-Tonge, the Netherlands. After 
completing her pre-university education in 1996 at ‘Jacob van Liesveldt’ in Hellevoetsluis, 
she started her study Interior Design at ‘Willem de Kooning Academy’ in Rotterdam. After 
graduation in 2000, she pursued her studies at ‘Leiden University’ in the field of Cognitive 
Psychology. After graduating cum laude in 2004, she was employed as an interior designer at 
Architecten aan de Maas in Rotterdam. In 2009, Karolijn was admitted to the Ph.D. program 
of the Department of Child and Adolescent Psychiatry/Psychology of the Erasmus Medical 
Center in Rotterdam. Her doctoral research, as described in this thesis, was conducted in 
cooperation with the department of Paediatrics, Division of Cardiology, Erasmus Medical 
Center. 
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1. PhD training
Year Workload
(Hours/ECTS)
General courses 
• CPO mini-course: methodology of patient orientated research and preparation for subsidy application
• Regression Analysis for Clinicians
• Biomedical English Writing and Communication 
• Research Integrity 
• Biostatistical Methods I
2010
2012
2012
2012
2012
8 hours 
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37,5 hours
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Total 11,5 ECTS
Specific courses (e.g. Research school, Medical Training)
• Basis Kwalificatie Onderwijs: Teach the Teacher
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2012
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24 hours
8 hours
Total 1 ECTS
Seminars and workshops
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• PhD day 2011: workshops (1: expedition to your future and 2: grant application)
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2013
8
40
8
16
40
40
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(Inter)national conferences
• Generation R symposium, Rotterdam, The Netherlands
• AEPC Psychosocial Meeting, Cologne, Germany
2010
2013
8 hours
2 days
Other
• Attending several contact days for patients with congenital heart disease
• Attending and presenting at Research Work Meetings KJP
• Attending and presenting at Research meetings Paediatric Psychology ErasmusMC-Sophia
• Attending and presenting at Quality of Life Meetings ErasmusMC-Sophia
2010 •2013
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3. Patient care
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